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SIR JOHN HERSCHEL 


.Sir John Frederick William IlERscnEL, Bart., 
tc illuslnous astronomer, was the only son of Sir F 
William nerschel He was born at Slough, Backing 
hamshire, England, m the year 1792 His scholastic 
education began at Eton, whence, at the age of seren 
teen, be was sent to St John’s College, Cambridge, 
where he attained to great eminence in mathematics 
After leaving the University, he entered upon the study 
of astronomy, and in 1820, assisted by his father, com 
pleted a mirror of 18 inches diameter and 20 feet focal 
length for a reflecting telescope This, as subsequently 

eflect the astronomical observations that formed the basis 
of his fame In 1821-23 he undertook the re examina 
tion of hia father’s doable stars For this work he re 
ceived in 1826 the gold medal of the Astronomical So 
ciety, and the Lalande Medal of the French Institute 
From 1824 to 1827 he was Secretary of the Eoyal So 
ciety, and in 1827 was elected to the Chair of the As 
tronoraical Society, which office he filled on two snbse 
quent occasions In 1881 the honor of knighthood was 
conferred on him by William IV , and he subsequently 
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was made a baronet. His exploration of the Bouthem 
heavens constituted an epoch in nstronomy, and aecnred 
for him the distinction of memberships in almost every 
important society in both hemispheres. His “Outlines 
of Astronomy,” hero reproduced, first appeared in 18-19, 
and, notwithstanding the disadvantage arising from the 
practice of stereotyping text-books which relate to pro- 
gressive sciences, there is no more instructive volume 
extant on the subject of which it treats. Sir John Her- 
schel died in 1871; his remains are interred in West- 
minster Abbey, close to the grave of Sir Isaac Newton. 
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THE REV. W. RUTTER DAWES, F.R,A.S., 
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My dear Mb. Dawes — In availing myself of your 
permission to dedicate to you an Edition of these Out 
lines, enriched by accounts of several of your own re- 
cent discoveries, 1 should ill acquit myself to my own 
feelings if I did not add to the expression of that 
grateful sense of your many and important services to 
our common Science, which every astronomer must ac- 
knowledge, that of adectionate esteem and regard, the 
natural result of a prolonged and most friendly inter- 
course. 

Believe me, 

Very truly yours, 

J F W. Hehschel 

CoLLisowooo. EiS IS, 1858 
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PREFACE TO THE FIRST EDITION 


The work here oSered to the Pablic js based upon and 
may be considered as an extension, and, it is hoped, an 
improvement ot a treatise on the same eubject, lorming 
Part 43 of the Cabinet Oyclopaidia, published in the year 
1833 Its object and general character are safficientlj stated 
in the introductory chapter of that volume, here reprinted 
with little alteration, but an opportunity having been 
afforded me by the Proprietors, preparatory to Us reap 
pearance in a form of more pretension, I have gladly 
availed myself of it, not only to correct some errors 
which, to my regret, subsisted lu the former volume, but 
to remodel it altogether (though m complete accordance 
with its original design as a worL of explanation), to intro 
duce much new matter in the earlier portions of it, to re 
write, upon a fat more matured and comprehensive plan, 
the part relating to the lunar and planetary perturbations, 
and to bring the subjects of sidereal and nebular astronomy 
to the level of the present state of our knowledge in those 
departments 

The chief novelty in the volume, as it now stands, will 
be found in the manner in which the subject of Pertnrba 
tions 13 treated It is not — ^it cannot be made elementary, in 
the sense in which that word is understood in these days 
of light reading The chapters devoted to it must, there 
fore, be considered as addressed to a class of readers in pos 
session of somewhat more mathematical knowledge than 

( 11 ) 
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those who will find tho rest o£ the work readily and easily 
accessible, to readers desirous of preparing themselves, by 
the possession of a sort of carte dtt pat/Sf for a campaign in 
the most difhcuU, but at the same time the most attractive 
and the most remunerative of all the applications of modern 
geometry More especially they maj bo considered as ad 
dressed to students in that university, where the “Prin 
cipia’ of Newton is not, nor ever will be, put aside as an 
obsolete book, behind the age, and where the grand though 
rude outlines of the lunar theory, as delivered in tho 
eleventh section of that immortal work, are studied less 
for the sake of the theory itself, than for the spirit of far 
reaching thought, superior to and disencumbered of tech 
meal aids, which distinguishes that beyond any other pro 
duction of the human intellect 

In delivering a rational as distinguished from a technical 
exposition of this subject, however, the course pursued by 
Newton m the section of the ‘Pnncipia" alluded to, has 
by no means been servilely followed As regards the per 
turbations of the nodes and inclinations, indeed, nothing 
equally lummous can ever be substituted for his explana 
tion But as respects the other disturbances, the point of 
•view chosen by Newton has been abandoned for another, 
•which It 13 somewhat difficalt to perceive why he did not, 
himself, select By a different resolution of the disturbing 
forces from that adopted by him, and by the aid of a few 
obvious conclusions from the laws of elliptic motion which 
■would have found their place, naturally and consecutively, 
as corollaries of the seventeenth proposition of his first book 
(a proposition which seems almost to have been prepared 
■mtli a special view to this application) the momentary 
change of place of the upper focus of the disturbed ellipse 
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is brought distmctlj under inspection; and a clearness of 
conception introduced into the perturbations of the cxcen* 
tricities, perihelia, and epochs which the author does not 
think it presumption to believe can be obtained by no other 
method, and which certainly is not obtained by that from 
•which it is a departure. It would be out of keeping with 
•the rest of the work to have introduced into this part of it 
any algebraic investigations; else it would have been easy 
to show that the mode of procedure here followed leads 
direct, and by steps (for the subject) of the most elemen- 
tary character, to the general fonnulso for these perturba- 
tions, delivered by Laplace in the Mdcamque Celeste.' 

The reader will find one class of the lunar and planetary 
inequalities bandied in a very different manner from that 
in which their explanation is usually presented. It com- 
prehends those which are characterized as incident on the 
epoch, the principal among them being the annual and 
secular equations of the moon, and that very delicate and 
obscure part of the perturbational theory (so Uttle satisfac- 
tory in the manner in which it emerges from the analytical 
treatment of the subject), the constant or permanent eiFect 
of the distorbing force in altering the disturbed orbit. I 
■will venture to hope that what is here stated will tend to 
remove some rather generally difiused misapprehensions as 
to the true beanngs of Newton’s explanation of the annual 
equation.* 

If proof were wanted of the inexhaustible fertility of 
astronomical science in points of novelty and interest, it 
would sufiice to adduce the addition to the list of members 


* liirre ii chap. Tin art. 67 

• Pmcipia, lib. 1 prop 66, cor. 6. 
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ol our Bjstcm of no less than eight new planets and satcl 
lilcs during the preparation of these sheets for the press 
Among them is one whoso diSLOver) must c\cr bo regarded 
ns one of the noblest triumphs of theory In tho nccount 
hero given of this discovery , I trust to have expressed my 
self with compIcf<j impartiality, and in the exposition of 
the perturbatn o action on Uranus, by which tho existence 
and situation of the disturbing planet became revealed to 
ns, 1 have cndea\ored, in pursuance of the general plan of 
this work, rather to exhibit a rational view of tho dynamical 
action, than to con\oy the slightest idea of the conduct of 
those masterpieces of analytical skill which the researches 
of Messrs Leverner and Adams exhibit 

To the latter of these eminent geometers, ns well as to 
toy excellent and esteemed fnend the Astronomer Eoyal I 
have to return my best thanks for communications which 
would ha% 0 effectually relieved some doubts I at one period 
entertained had I not succeeded in the interim in getting 
clear of them as to the compatihxhty of my views on the sub 
]ect of the annual equation already alluded to, with the 
tenor of Newton's account of it To my valued friend, 
Professor De Morgan, I am indebted for some most ingen 
lous suggestions on the subject of the mistakes committed 
in the early working of the Julian reformation of the calen 
dat, of which I should have availed myself, had it not ap 
peared preferable, on mature consideration, to present tho 
aubjeot in its simplest form, avoiding altogether entering 
into mmutise of chronological discussion 

J F Hekschel 


COLLCKOWOOD Jj>rt7 IS lSJi$ 



PREFACE TO THE FIFTH EDITION 


The rapid progress of science renders it necessary fre 
quently to revise and bnng up elementary works to the 
existing state of knowledge, under penalty of their bccom 
mg obsolete In former editions of this work, this has been 
done, 80 far as it could be done without incumng the neces 
sity of an almost total typographical reconstruction But 
Astronomy, within the last few years, has been enriched by 
so many and snch considerable additions, that it has been 
considered preferable (another edition being called for), not 
indeed to recast the general plan of the work, but to incor 
porate these in it in due order and sequence, thereby mate 
nally enlarging the volume, and giving it in many respects 
the air of a new work The articles thus introduced are 
distinguished from those of the former editions between 
which they have been inserted by the addition to the last 
current number of an xtalic letter — thus, between Arts 
and S95 will be found inserted 891 a, 894 b, and 894 c The 
inclosnre of any passage in brackets [ ] indicates its having 
been introduced in the Fourth or some subsequent Edition 
The index references in this as in former editions, bemg to 
the articles and not to the pages, are thus preserved To 
gether with these recent accessions to our knowledge, I 
have taken the opportunity of introducing several things 
ittigiW j-oarfy jbrvi? bees asted as cJaifcwsmt rar Hm- 
former editions — oa, for instance, the account of the meth 
ods by which the mass of the Earth has been determined, 
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and that of the successful treatment, and it is presumed 
final subjugation, of those rebellious ancient Solar Eclipses 
■which have so much harassed astronomers A brief ac 
count of M Foucault’s remarkable pendulum expenments, 
and of that beautiful instrument, the gyroscope, is intro 
duced as are also notices of Professor Thomson's specula 
tions on the origin of the Sun’s heat, and his estimate of 
its average expenditure, as well as of some curious views of 
M Jean Beynaud, on the secular variation of our climates, 
supplementary to those put forward m former editions of 
this work I could have wished that its nature and limits 
would have permitted some account of Mr Cooper’s mag 
mficent contributions to sidereal astronomy, m his cata 
logue of upward of 60,000 previously unregistered ecliptic 
stars, of Mr Bishop s ecliptic charts and those of M Cha ■ 
comae, of Mr Carrington’s elaborate circumpolar cata 
logue, and of Mr Jones s immense work on the zodiacal 
light, forming the third volume of the account of the TTnitcd 
States Japan Expedition, which reached me too late to 
allow of drawing up a fitting analysis of his results These 
gentlemen will severally please to accept, however, this 
respectful tribute of my admiration for their important 
labors Some new speculations are also hazarded, as, for 
instance, on. the subject of tho Moon’s habitability, the 
cause of the acceleration of Encke’s comet, etc , and a few 
numerical errors are corrected which have hitherto escaped 
notice and public comment as blemishes— as, for example, 
in some of the numbers in Art 422 in the explanation of 
the phenomena of a lunar echpse, in the oal nation of tho 
total mass of tho atmosphere, Art 242, and in the distance 
of tho Moon, Art 403 (for which, however, I am noi 
nnswcmblo) 
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Id tbe oDmcrical statement of special astronomical ele* 
ments, it is unavoidable that slightly different values of the 
same quantity should from time to time come to bo substi- 
tuted for those before received, as its determination acquires 
additional exactness. To have altered tbe figures in such 
cases wherever they occur, throughout the letter-press, 
■would have entailed a great probability of error and con- 
fusion; and, as the Synoptic Tables of astronomical ele- 
ments at the end of the work have been carefully revised 
in conformity with the best current authorities, the reader 
is requested, whenever he may observe any discrepancy of 
this nature, to prefer the tabulated values. 

Several of the woodcuts, which were originally drawn 
correctly, have been inverted right hand for left by the 
engraver. So for as explanation goes, this is not of tbe 
slightest moment To a reader in the Southern Hemi- 
sphere, they are right as they stand; and one in tbe 
Korthem has only to imagine himself so situated. 

John F. W. Hebschel. 

CouJiroiTOOD, FtbrtMry 17, J85S. 

Note (added in 1865) Tbe news of U HeTUSud, abore referred to, tbougli 
DO doubt ongrnal on bis part, are, bowerer, completely anbapated by certata 
Rpeculabona of Bir Cbarlea Lyell, in bis “Principles of Geology” (p 110, Ed of 
1830), expanded and further reasoned out to conclusions Idenbcal with those 
of U. Beynand, in a paper by the author of tbe present work, “On tbe Astro- 
conucal Causee which may Influence Geological Phenomena, ” read before tbe 
Geological Society on December 16, 1830, and published in the Transacbone of 
that Society. This, however, had completely escaped his recollection when 
pemstng the works of K. Iteynaud referred to in the note to Art. 360 e, which 
occurring while the additions to the Hfth Edition were m preparabos, with all 
tbe force of novelty, led to their mserbon in Art. 369 I, and to the above 
notico them In Die prclaoe 
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SI^CE the publication of the last edition of this work*- 
the progress of astronomical di8co\ eiry has been continuoos 
and rapid to keep np with which, so far as consistent with 
Its general object it has been necessary to extend some of 
the Notes added in former editions and to annex others 
Among these recent additions to astronomical knowledge 
ma} be mentioned more especially those which relate to 
the physical constitution of the central body of our own 
system, on which so vast and unexpected an amount of - 
information has accumulated from various quarters as to 
place us at the opening out of a new vista of solar discovery 
Within the limits of our own system too, the meteorites 
have at length acquired a firm footing as a distinct group 
of members while their now established and most unex 
pected connection with periodic comets m some instances, 
presents the latter class of bodies under a new aspect in 
creasing if anything can increase the mysterious interest 
which already hangs about them The group of asteroids, 
too has received an accession of no less than fifteen to their 
list as it stood at the end of 1866 The elements of these 
are given in the Appendix (from the Berlin Ephemens 
for 1871) 80 as to complete the list up to the present time 
The correction indicated m a former edition as required m 
the distance of the sun (and by necessary implication in the 
dimensions of all the planetary orbits and the magnitudes 
of the sun and planets themselves), has moreover received 
(18) 
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an unexpected confirmation from ilr Stone’s critical re- 
examination of the calculations of that distance from the 
recorded observations of the celebrated transit of Tenns in 
1769, the result of which is here brought under the notice 
of our readers 

Beyond the limits of our own system, the application 
of spectrum analysis has disclosed the amazing fact of the 
gaseous constitution of many of the nebulas (a constitution 
long suspected on general cosmological grounds) by which 
13 meant their analogy to matter not in that state of lumi 
nosity presented by the photosphere of our sun, but in that 
in which are maintained the luminous prominences and ap 
pendages which fringe its disk m total eclipses a state to 
which the epithet of incandescent gaseous as distinct from 
Jlatne or a state of comhuatxon seems most appropriate 
Thus a real line of demarcation between nebulai proper 
and sidereal clusters is decisively drawn These delicate 
applications of optical science to chemistry have also 
afiorded strong grounds for concluding with considerable 
confidence the presence of several of our terrestrial ele 
mentary bodies in the sun and fixed stars while in one 
instance prismatic observation baa afforded, with a certain 
approach to probability, evidence of the recess of the most 
conspicuous among them from our system, and even sup 
plied a measure of its rapidity 

J F "W Herschel 

Couosovrooo JvXy i7 1S&9 
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INTRODUCTION 

(1 ) Evert student who enters upon a scientific pursuit, 
especially if at a somewhat advanced penod of life, will 
find not only that he has much to learn, but much also to 
unlearn Familiar objects and events are far from present 
ing themselves to our senses in that aspect and with those 
connections under which science requires them to be viewed, 
and which constitute *their rational explanation There is, 
therefore, every reason to expect that those objects and 
relations which, taken together, constitute the subject ho 
13 about to enter upon will have been previonsly appre 
bended by him, at least imperfectly, because much has 
hitherto escaped his notice which is essential to its nght 
understanding and not only so, but too often also errone 
ously, owing to mistaken analogies, and the general prey 
alence of \ulgar errors As a first preparation, therefore, 
for the course he is about to commence, he must loosen his 
hold on all crude and hastily adopted notions, and must 
strengthen himself, by something of an effort and a resolve, 
for the unprejudiced admission of any conclusion which 
shall appear to be supported by careful observation and 
logical argument, even should it prove of a nature adverse 
to notions he may have previously formed for himself, or 
taken up, without examination, on the credit of others 
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Such nn cftort is, in fact, a commencement of that mtcl 
lectnal discipline “which lonns one of the most important 
ends of all science It is the first movement of approach 
toward that state of mental purity which alone can fit us 
for a full and steady perception of moral beauty as well 
as physical adaplatioa It is the “euphrasy and rue ’ inth 
which we must ‘purge our sight" before we can receive 
and contemplate ns they are the lineaments of truth and 
nature 

(2 ) There is no science which, more than astronomy, 
stands in need of such a preparation, or draws more largely 
on that intellectuai liberality which is ready to adopt what 
ever is demonstrated, or concede whatever is rendered 
highly probable, however new and uncommon the points 
of view may be m which objects the most familiar may 
thereby become placed Almost all its conclusions stand 
in open and striking contradiction with those of superficial 
and vulgar observation, and with what appears to every one, 
until he has understood and weighed the proofs to the con 
trary, the most positive evidence of hts senses Thus, the 
earth on which he stands, and which has served for ages as 
the unshaken foundation of the firmest structures, either of 
art or nature, is divested by the astronomer of ita attribute 
of fixity, and conceived by him as turning swiftly on its 
centre, and at the same tune moving onward through space 
with great rapidity The sun and the moon, which appear 
to untaught eyes round bodies of no very considerable size 
become enlarged m his imagination into vast globes — the 
one approaching in magnitude to the earth ifeelf the other 
immensely surpassing it The planets, which appear only 
as stars somewhat brighter than the rest are to him spa 
Clous, elaborate, and habitable worlds several of them 



JNTRODUCTIOS 


23 


much greater and far more cnnously fomislied ttan the 
earth he inhabita, as there are also others less so, and 
the stars Ihemselres, properly so called, which to ordinary 
apprehension present only lucid sparks or brilliant atoms, 
are to him suns of varioas and transcendent glory — effal 
gent centres of life and light to myriads of nnseen worlds 
So that when, after dilating his thoughts to comprehend 
the grandeur ot those ideas his calculations have called up, 
and exhausting his imagination and the powers of his Ian 
gauge to devise similes and metaphors illustrative of the 
immensity of the scale on which his universe is con 
structed, he shrinks back to his native sphere, he finds 
it in comparison, a mere point, so lost — even in tho 
minute system to which it belongs — as to be invisible 
and unsuspected from some of its principal and remoter 
members 

(3 ) There is hardly anything which sets in a stronger 
light the inherent power of truth over the mind of man, 
when opposed by no motives of interest or passion, than 
the perfect readiness with which all these conclusions are 
assented to as sooo as thetr evidence is dearly appreheodedf 
and the tenacious hold they acquire over our belief when 
once admitted In the conduct therefore of this volume, 
I shall take it for granted that the reader is more desirous 
to learn the system which it is its object to teach, as it now 
stands, than to raise or revive objections against it and 
that, in short, he comes to the task with a willing mind, 
an assumption which will not only save the trouble of 
piling argument on argument to convince the sceptical but 
will greatly facilitate his actual progress inasmuch as ho 
will find it at once easier and more satisfactory to pursue 
from the outset a straight and definite path, than to be con 
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stantly stepping aside, involving himself in perplexities and 
circuits, which, after all, can only terminate in finding him 
self compelled to adopt the same road 

(4 ) The method, therefore, we propose to follow in this 
work 13 neither strictly the analytic nor the synthetic, but 
rather such a combination of both, with a leaning to the 
latter, as may best suit with a didactic composition Its 
object IB not to convince or refute opponents, nor to m 
quire, under the semblance of an assumed ignorance, for 
principles of which we ate all the time in full posse'»sion — 
but simply to teach what is hnown The moderate limit of 
a single volunie, to which it will be confined, and the 
necessity of being on every point, within that limit, rather 
diffuse and copious in eirplanatiou, as well as the eminently 
matured sad aacertaiaed character of the science itself, 
render this course both practicible and eligible Practi 
cable, because there is now no danger of any revolution in 
astronomy, like those which are daily changing the features 
of the less advanced sciences, anpervening to destroy all 
our hypotheses, and throw our statements into confnsioa 
Eligible because the space to be bestowed, either in com 
bating refuted systems, or in leading the reader forward by 
Blow and measured steps from the known to the unknown, 
may bo more advantageously devoted to such explanatoiy 
illustrations as will impress on him a familiar and, as it 
were a practical sense of the sequence of phenomens, and 
the manner in which they are produced We shall not, 
then, reject the analytic course where it leads more easily 
and directly to our objects, or in anj way fetter ourselves 
by a rigid adberento to method Writing onl^ to be under 
stood, and to communicate as much joSormatJon jo jos hiiJo 
space M possible, coDSiatcntly with its ihUmct and f^eetual 
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commnmcation, no sacrifice can be aflorded to system, to 
form, or to affectation 

(6) We shall take for granted, from the outset, the 
Copcmican system of the world, relying on the easy, 
obrions, and natural explanation it affords of all the phe 
nomena as they come to be described, to impress the student 
with a sense of its truth, without cither the formality of 
demonstration or the snperfluons tedium of eulogj, calling 
to mind that important remark of Bacon — “Theoriarum 
vires, arcta et quasi so mutuo sustincnto partium adapta 
tione, qua quasi in orbem cohmrent, firmantur ‘ not fail 
mg, however, to point out to the reader, as occasion offers, 
the contrast which its superior simplicity offers to the com 
plication of other hypotheses 

(6 ) The preliminary knowledge which it is desirable 
that the student should possess, in order for the more ad 
vantageous perusal of the following pages consists in the 
familiar practice of decimal and sexagesimal arithmetic, 
some moderate acquaintance with geometry and trigonome 
try, both plane and spherical, the elementary principles of 
mechanics, and enough of optics to understand the con 
struction and use of the telescope and some other of the 
simpler instruments Of course the more of such know! 
edge he brings to the perusal the easier will be his prog 
ress, and the more complete the information gained, but 
we shall endeavor in every case as far as it can be done 
•without a sacrifice of clearness and of that useful brevity 
•which consists in the absence of prolixity and episode 


* The coDBrDQfttoo ot tleores rel es on the compact adaptaton of their 
liftTtB by which 1 ke those of an arch or dome they rantually eustaln ea^ 
other and form a col crept whole Tb s is what Dr Whewell express rely 
terms the conailtmM of mductio s 
ASTO^Olrr— iTol XU — ” 
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to tontler wbnl wo h&vo to saj a<j indepondont of other 
books j\3 poasjblo 

(7 ) After all, I must cbstinctly caution such of my read 
ers as may commence and terminato their astronomical 
Btadtes with the present work (though of such — at least in 
the latter predicament — X trust the number will bo few), 
that Its utmost pretension is to place them on the threshold 
of this particular wing of the temple of Science, or rather 
on an eminence extenor to it, whence they may obtain 
something like a general notion of its structure, or, at 
most, to give those who may wish to enter a ground plan 
of Its accesses, and put them in possession of the password 
Admission to its sanctuary, and to the privileges and feel 
ingB of a votary, is only to be gained by one means — sound 
and sufficient hnoioledge of naihemattes, t/ie great inslrument 
of all exact inquiry, without which no man can ever maJee 
such advances tn this or any other of the higher departments 
of science as can entitle him to form an independent opinion 
on any subject of discussion witAm their range It is not 
without an effort that those who possess this knowledge can 
communicate on such subjects with those who do not, and 
adapt tbeir language and their illustrations to the neeessj 
ties of such an intercourse Propositions which to the one 
are almost identical are theorems of import and difficulty 
to the other nor la their evidence presented in the same 
way to the mind of each In teaching such propositions, 
under such circumstances the appeal has to be made not 
to the pure and abstract reason, but to the sense of analogy 
—to practice and experience principles and modes of action 
have to he established not by direct argument from ac 
knowledged axioms but by continually recurring to the 
sources from which the axioms themselves have been 
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drawn, viz.^ csamplea; that la to say, by bringing forward 
nod dwelling on simple and familiar instances in which the 
same *prmciple 3 and the same or similar modes of action 
take place thus erecting, as it were, in each particular 
case, a separate induction, and constructing at each step a 
little body of science to meet its exigencies The difference 
w that ol pioneering a road through an untrarersed country 
and advancing at case along a broad and beaten highway , 
that la to say, if we are determined to make oar<5elves dis 
tiDctly understood, and will appeal to reason at all As for 
the method of assertion^ or a direct demand on the failh of 
the student (though in some complex cases indispensable, 
where illnstrative explanation would defeat iU> own end by 
becoming tedious and burdensome to both parties), it is one 
which I shall neither willingly adopt nor would recommend 
to others 

(8) On the other hand, although it is something new to 
abandon the road of mathematical *demonstration in the 
treatment of subjects susceptible of it, and to teach any 
considerable branch of science entirely or chiefly by the 
way of illustration and familiar parallels it is yet not im 
possible that those who are already well acquainted with 
our subject, and whose knowledge has been acquired by 
that confessedly higher practice which is incompatible with 
the avowed objects of the present work, may yet find their 
account in its perusal — for this reason, that it is always of 
advantage to present any given body of knowledge to the 
mind in as great a variety of different lights as possible It 
IS a property of illustrations of this kind to strike no two 
minds in the same manner, or with the same force, because 
no two minds are stored with the same images, or have ac 
quired their notions of them by similar habits Accord 
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ingly, it may very well happen, that a proposition, oven to 
one best acquainted with it, may be placed not merely in a 
new and uncommon, but in a more impreesiv'e and satisfac- 
tory light by such a course — some obscurity may be dissi- 
pated, some inward misgivings cleared up, or even some 
links supplied which may lead to the perception of connec- 
tions and deductions altogether unknown before. And the 
probability of this is increased when, as in the present 
instance, the illustrations chosen have not been studionsly 
selected from books, but are such as have presented them- 
selves freely to the author’s mind as being most in harmony 
with his own views; by which, of course, ho means to lay 
no claim to originality in all or any of them beyond what 
they may really possess. 

(9 ) Besides, there are cases in the application of me- 
chanical principles with which the mathematical student la 
but too familiar, where, when the data are before him, and 
the numerical and geometncal relations of his problems all 
clear to his conception — when his forces are estimated and 
his lines measured — nay, when even he has followed up the 
application of hia technical processes, and fairly arrived at 
hia conclusion — there is still something wanting in his mind 
— not in the evidence, for he has examined each link, and 
finds the chain complete — not in the principles, for those he 
well knows are too firmly established to be shaken — but 
precisely in the mode of action He has followed out a tram 
of reasoning by logical and technical rules, but the signs bo 
has employed are not pictures of nature, or have lost their 
original meaning as such to his mind: ho baa not seen, as 
it were, the process of nature passing under hia eye In an 
instant of time,, and presented as Ji cojoseeuli ye whole to Jjjs 
itnagiuatioa. A familiar parallel, or on illustration drawn 
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from some artificial or natural process, of which he has that 
direct and indiMdual impression which gives it a reality and 
a^^ociates it with a name will, in almost every such case, 
supply in a moment this deficient feature, will convert all 
his symbols into real pictures, and infuse an animated mean 
ing into what was before a lifeless succession of words and 
signs I cannot, indeed, always promise myself to attain 
this degree of vividness of illustration, nor are the points 
to be elucidated themselves always capable of being so 
paraphrased (if 1 may use the expression) by any single 
instance adducible in the ordinary course of experience, but 
the object will at least be kept in view, and as I am very 
conscious of having in making such attempts gamed for 
myself much clearer views of several of the more concealed 
effects of planetary perturbation than I bad acquired by 
their mathematical investigation m detail it may reason 
ably be hoped that the endeavor will not always be unat 
tended with a similar success in others 

(10 ) From what has been said it will be evident that 
our atm is not to offer to the public a technical treatise in 
which the student of practical or theoretical astronomy shall 
find consigned the minute desenption of methods of obser 
xatioD or the formulas he requires prepared to his hand or 
their demonstrations drawn out m detail In all these the 
present work will be found meagre and quite inadequate 
to his wants Its aim is entirely different being to present 
to him in each case the mere ultimate ratio'%ale of facts 
arguments and processes and in all cases of mathematical 
application, avoiding whatever would tend to encumber its 
pagiSif mth iJgiffJwwft? <rr ^e<fnsetcic%l efaihois ta pisce asder 
his inspection that central thread of common sense on which 
th® pearls of analytical research are invariably strung, but 
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-wliich, by the attentjon the latter claim for themselves, is 
often concealed from the eye of the gazer, and not always 
disposed in the straightest and most contement form to fol 
low by tho<«o who stnng them This is no fault of those 
who have conducted the inqnines to which wo allude Tho 
contention of mmd for winch they coll is enormous, and it 
may, perhaps, bo owing to their experience of hoio h(Oe can 
be accomplished in carryipg such processes on to (heir con 
elusion, by mere ordinary clearness o/head, and how neccs 
sary it often is to pay more attention to the purely matbe 
mntical conditions which insure success — the hooWs and eyes 
of their equations and senes*— than to those which enchain 
caates with their effects, and both with the human reason — 
that wo must nttnbuio something of that indistmclncss of 
view which IS often complained of as a gncinnce by iho 
earnest student and still moro commonly nscnbwl ironically 
to the native cloudincM of an atmoaphere loo sublime for 
vulgar comprehension Wo think we shall render good 
sen ICO to both classes of readers, by dissipating, so far os 
lies in our j ower that accidental ohscuntt, and by showing 
ordinary untutored comprehension clearly what it can, and 
what It cannot hope to attain 
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of wider and grander conceptions, till at length a unity and 
a nobihty is attained, little dreamed of in the imagination 
of the first projector 

(10 h ) The same is equally true of every great body of 
knowledge and would be found signally exemplified in the 
history of astronomy, did the object of this work allow us 
to devote a portion of it to its relation What concerns us 
more is that the same remark is no less applicable to the 
process by which knowledge is built up in the mind of each 
individual and by which alone it can attain an} extensive 
development or any grand proportions No man can rise 
from Ignorance to anything deserving to be called a com 
plete grasp of any considerable branch of science without 
receiving and discarding in succession many crude and in 
complete notions which so far from injuring the truth in its 
ultimate reception, act as positive aids to its attainment by 
acquainting him with the symptoms of an insecure footing 
in his progress To reach from the plain the loftiest sum 
mita of an Alpine country, many inferior eminences have 
to be scaled and relinquished, but the labor is not lost 
The region is unfolded in its closer recesses and the grand 
panorama which opens from aloft is all the better under 
stood and the more enjoyed for the very misconceptions in 
detail which it rectifies and explains 

(10 c ) Astronomy is very pecnliarly m this predicament 
Its study to each individual student is a continual process 
of rectification and correction — of abandoning one point of 
vuew for another higher and better — for temporary and oc 
casional reception of even positive and admitted errors for 
the convenience they afford toward giving clear notions of 
important truths whose essence they do not affect by spar 
ing him that contention of mind which fatigues and dia 
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tresses We know, for example, that tbe earth's diurnal 
motion la real, and that of the heavens only apparent, yet 
there are many problems in astronomy which are not only 
easier conceived, but more simply resolved by adopting the 
idea of a diurnal rotation of the heavens, it being under- 
stood once for all that appearances are alike in both sup- 
positions. 


CHAPTER I 

General Notions— Apparent and real Motions — Shape and Size of the Earth 
— ^The Horizon and its Dip— The Atmosphere — Refraction — TwdigUt — 
Appearances resulting from Diurnal Motion — From Change of Station 
in Geoeial — Parallactic Motions — Teiros trial Parallax — That of the 
Stars Insensible — First Step toward forming an Idea of the Distance 
of the Stars — Copemican View of the Earth's Mot on — Relative Mo 
ton — Motions partly Real partly Apparent — Geocentnc Astronomy, 
or Ideal Reference of Phenomena to tbe Barth's Centre as a Common 
Conventional Station 

(11 ) The magnitudes, distances, arrangement, and mo- 
tions of the great bodies which make up the visible uni- 
verse, their constitution and physical condition, so far as 
they can he known to us, with their mutual influences 
and actions on each other, so far as they can be traced by 
the effects produced, and established by legitimate reason- 
ing, form the assemblage of objects to which the attention 
of the astronomer is directed. The term astronomy* itself, 
which denotes the law or rule of the asira (by which the 
ancients understood not only the stars properly so called, 
but the sun, the moon, and all the visible constituents of 
the heavens), sufficiently indicates this; and, although the 

‘ A»tv a •lnr_, roiMc, a law, ev to londr as s Jdu^ibiinl Us itoeV, sa 

U»t mparvitot means “shepherd of the Biars.” The two etymologies aret 
however, cotneldonl- ^ ° 
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tenn astrology, which denotes the reason, theory, or inter 
pretaUon of the stars,* has become degraded m its applies 
tion, and confined to superstitious and delusive attempts 
to divine future events by their dependence on pretended 
planetary influences, the same meaning originally attached 
Itself to that epithet 

(12 ) But, besides the stars and other celestial bodies, 
the earth itself, regarded as an individual body, is one pnn 
cipal object of the astronomer's consideration, and, indeed, 
the chief of all It derives its importance, in a practical as 
well as theoretical sense, not only from its proximity, and 
its relation to us as animated beings, who draw from it the 
supply of all our wants, but as the station from which 
we see all the rest, and as the only one among them to 
which we can, in the first instance, refer for any deter 
minate marks and measures by which to recognize their 
changes of situation, or with which to compare their 
distances 

(IS ) To the reader who now for the first time takes up 
a book on astronomy, it will no doubt seem strange to class 
the earth with the heavenly bodies, and to assume any com 
munity of nature among things apparently so different For 
what, in fact can be more apparently different than the vast 
and seemingly immeasurable extent of the earth, and the 
stars, which appear but as points, and seem to have no size 
at all? The earth la dark and opaque, while the celestial 
bodies are brilliant We perceive in it no motion, while in 
them we observe a continual change of place, as we view 
them at different honrs of the day or night or at different 
seasons of the year The ancients accordingly, one or two 


hvrm rMuon or a word, the Tehlclo of reaeon , Iho Interpreter of thouglit. 
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o£ the more enlightened ol them only e-^cepted, admitted 
no such commupity of nature, and, by thus placing the 
heavenly bodies and their moi ementa without the pale of 
analogy and experience, effectually intercepted the progress 
of all reasoning from what passes here below, to what is 
going on in the regions where they exist and move Under 
such conventions, astronomy, as a science of cause and 
effect, could not exist, but must be limited to a mere 
registry of appearances,, uuconnected with au^ attempt to 
account for them on reasonable principles, howeier sue 
cesafnl to a certain extent might bo the attempt to follow 
out tbeix order of sequence, and to establish empirical laws 
expressive of this order To get rid of this prejudice, thcro* 
fore, 13 the first step toward acquiring a knowledge of what 
IB really the case, and the student has made his first effort 
toward the acquisition of sound knowledge, when he has 
learned to familiarize himself with the idea that the earth, 
after alt nay be nothing but a great star How correct 
such an idea may be, and with uliat limitations and modi 
ficationa it is to be admitted, we shall see prcsenlli 

(14 ) It 19 evident, that, to form any just notions of the 
arrangement, in sjiace, ot a number of objects which wo 
cannot approach and examine, but of \7hicb all the luforma 
tion wo can gain i« sitting still and watching their e\oIu 
tioiis, It must bo aery iniporlaui lor us to know, in the first 
instance, whether what we call sitting still ii really such: 
whether the station from i^hioh we new them with our 
Bohes, and all objects which immediately surround us, bo 
not Itself tn motion, unperceivtd bj us, nod if so, of what 
nature that motion is The apjiareiit places of a nuinbor 
of object^ jBJod Jbcjir ja/ijaan nt arran^'emcnA with respect to 
each other, will of counso bo malenally dependent on tho 
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EitnatiOD o{ the spectator among them, and if this situation 
bo liable to change, anknown to the spectator himself, an 
appearance of change in the respective situations of the 
objects will arise, without the reality If, then, such bo 
actually the case, it will follow that all the movements we 
think we perceive among the stars will not be real move 
ments, but that some part, at least, of whatei or changes of 
relative place wo perceive among them must be merely ap 
parent, the results of the shifting of our own point of view, 
and that, if we would ever arrive at a knowledge of their 
real motions, it can only be by first investigating our own, 
and making due allowance for its effects Thus the ques 
tion whether the earth is in motion or at rest, and if in 
motion, what that motion is, is no idle inquiry, but one on 
which depends our only chance of arriving at true concln 
Bions respecting the constitution of the universe 

(15 ) Nor let it be thought strange that we should speak 
of a motion existing in the earth, unperceived by its inhabi 
tants we must remember that it is of the earth as a whole 
with all that it holds within its substance, or sustains on 
its surface, that we are speakiBg oi a saoUon cosamon t<? 
the solid moss beneath, to the ocean which flows around 
it, the air that rests upon it, and the clouds which float 
above it in the air Such a motion, which should displace 
no terrestrial object from its relative situation among others, 
interfere with no natural processes and produce no sensa 
tions of shocks or jerks might, it is very evident, subsist 
undetected by us There is no peculiar sensation which 
advertises us that we are tn motion "We perceive yeria, 
or shocks, it IS true, because these are sadden changes of 
motion, produced, as the laws of mechanics teach us, by 
sudden and powerful forces acting during short times, and 
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these forces, applied to our bodies, are what we feel 
■When, for example, we are carried along m a carnage 
with the blinds down, or with our eyes closed (to keep us 
from seeing external objects), we percei\e a tremor arising 
from inequalities m the road, oier which the carnage is 
Bucce^^Yvelj lifted and let fall, but we have no sense of 
projresa As the road is smoother, our sense of niolion 
13 diminished, though our rate of travelling is accelerated 
jRailn ay travelling, especially by night or m a tunnel, has 
familmri/ed every one witli this remark Those who have 
made aeronautic voyages testify that with closed ejes, and 
under the influence of a steady breeze communicating no 
oscillatory or reioUing motion to the car, the sen*atiQn is 
that of perfect rest, bowei cr rapid the transfer from place 
to place 

(10) But it 18 on shipboard, where a great aygtem is 
maintained in motion, and where we are surrounded with 
a multitude of objects which participate with ouiNcUunnd 
each other in tho common progress of the whole mass, that 
vre feel most satisfactonly the identity of sensation b< tween 
a state of motion and one of rest In the cabin of a largo 
and hca\y vo-iel going smootlily before the wind m still 
wattr, or drawn along a canal, not tlio snialkst indication 
acquaints us with tlic way il is mai ing W'c re id, sit, walk, 
and perform ex cry customary action as tf we were on land 
If wt throw a I all into the air, it falls 1 ack into our hand, 
or if wo droji it it nlq^hts at our ftcL Insects buzz around 
us as in tho free air and smoko ascemb in the same manner 
as It would do in an apartment on shore If, irnltc*!, wo 
cotnf' on deck, tho case is in some resjiccts, dlfltrcnt, the 
air, not bi ing carnid along with ns dnfts away smoke and 
olhcr light botliea— ^luch aa feathers abandontal to ii-*-appar 
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entlvt in the op{)03ite direction to that oC the ship s prog 
re>s, bat, m realit\, ihei/ remain at rest, and i\c leave them 
behind m the air Still, the illation, so far ns masque ob 
jccts and our own movements are concerned, remains com 
plete, and when we look at the shore, we then perceive 
the effect of our own motion transferred, m a contrary 
direction, to external objects — external, that is, to the systejn 
of which lie form a part 

TroTeh mur portu temeque urbesque recedunt’ 

(17 ) In order, however, to conceive the earth as in 
motion, we must form to ourselves a conception of its 
shape and size Now, an object cannot have shape and 
size unless it is limited on all sides by some definite out 
line, so as to admit of onr imagining it, at least, discon 
nected from other bodies, and existing insulated m space 
The first rude notion we form of the earth is that of a fiat 
surface, of indefinite extent in all directions from the spot 
where we stand, above which are the air and aky , below, to 
an indefinite profundity, solid matter This is a prejudice 
to be got Tvd of, like that of the earth b immobility — but it 
13 one mneh easier to rid ourselves of, inasmuch as it ongi 
nates only on our own mental inactivity, m not questiomng 
ourselves where we will place a limit to a thing we bate 
been accustomed from infancy to regard as immensely large, 
and docs not, like that, originate in the testimony of our 
senses unduly interpreted On the contrary, the direct 
testimony of our senses hes the other way "When we see 
the sun set in the evening in the west, and rise again 
in the east, as we cannot doubt that it is the same sun we 
'see after a temporary absence, we must do violence to all 
our notions of solid matter, to suppose it to have made its 
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way through the substance of the earth It must, therefore, 
have gone under it, and that not by a mere subterraneous 
channel , for if we* notice the points where it sets and nsea 
for many successive days, or for a whole year, we shall find 
them constantly shifting, round a very large extent of the 
horizon, and, besides, the moon and stars also set and rise 
again in all points of the visible horizon The conclusion 
IS plain the earth cannot extend indefinitely in depth 
downward, nor indefinitely m surface laterally, it must 
haie not only bounds in a horizontal direction, but also 
an under side round which the sun, moon, and stars can 
pass, and that side must, at least, be so far like what we 
see, that it must have a sky and sunshine, and a day when 
it IS night to US, and. vice versd. , where, in short, 

— "red t a nob s Aurora d eraqua reducit 
Noaque ub pr mua equia onens aSavit anbelta 
Dl c sera rubens sccendil lum aa Teaper — Georg 

(18 ) As soon as we haie familiarized ourselves with the 
conception of an earth without foundations or fixed sup 
ports — existing insulated in space from contact of every 
thing external it becomes easy to imagine it in motion — 
or, rather, difficult to imagine it otherwise, for, since there 
IB nothing to retain it m one place, should any causes of 
motion exist or any forces act upon it, it must obey their 
impulse Let us next see what obvious circumstances there 
are to help us to a knowledge of the shape of the earth 

(19 ) Let us first examine what wo can actuall} see of its 
shape Now, it is not on land (unless, indeed, on uncom 
monly love! and extensive plains), that we can see anv thing 
of the general figure of the earth The hills, trees, and othef 
objects which roughen its surface, and break and elevate the 
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line of the horizon, though obviously bearing a most minute 
proportion to the ichoU earth, ore yet too conaideroblo with 
teapect to ourselves and to that email portion of it which 
we can see at a single view, to allow of our forming any 
judgment of the form of the whole, from that of a part so 
disfigured Blit with the eorface of the sen or any \astly 
extended level plain, tho case is otherwise If wo sail out 
of sight of land, whether we stand on the deck of the ship 
or chtnb the mast, we see tho surface of tho sea — not losing 
Itself in distance and mist, but terminated bj a sharp, clear, 
well defined line or ojfing^ as it is called, which runs all 
rouml us in a circle, having our station for its centre 
That this line is really a circle, we onclude, first, from 
the perfect apparent similarity of all its parts, and, see 
ondly, from the fact of all its parts appearing at tho same 
distance from us, and that, evidently, a moderate one, and, 
thirdly, from this, that its apparent diavieter, measared with 
an instrument called the dip sector is the same (except 
under some singular atmospheric circumstances, which pro 
dace a temporary distortion of the outline), in whatever 
direction the measure is taken — properties which belong 
only to the circle nmong geometrical figures If we ascend 
a high eminence on a plain (for instance, one of the Bgyp 
tian pyramids), the same bolds good 

(20 ) Masts of ships, however, and the edifices erected 
by man, are tnfling eminences compared to what nature 
itself affords, iBtna, Tenenffe, Mowna Boa are eminences 
from which no contemptible ahguot part of the whole earth's 
surface can be seen, hot from these again — in those few and 
rar 9 fwaasMUMi when the ij-Ansparenny of the air wiU permit 
the real boundary of the horizon, the true sea line, to be 
Been — the very same appearances are witnessed, but with 
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this reniArknble addition nz , that the angnlar diameter of 
tbo visible area, as mcasurod by the dip sector, is matenally 
lees than at a lower level, or, in other words that the ap 
parent size ol the earth has sensibly diminished as we have 
receded from its surface, while }ct the ahsolute quantity of 
It seen at once has been increased 

(21 ) The same appearances are obsen ed universally, 
in c\cry part of the earth's surface Msited by man Now, 
the figure of a body which, howei er seen, appears always 
ctreufar, can be no other than a sphere or globe 

(22 ) A diagram will elucidoto this Suppose the earth 
to bo represented by the sphere Jj II N Q whose centre is 
C, and let A G, If be stations at different elevations above 
various points ol its surface, represented by a g, m respect 
ivelj From each of them (as from M) let a line be drawn 
as M N n a tangent to the surface at N, then will this line 
represent the visual ray along which the spectator at M will 
see the visible horizon and as this tangent sweeps round 
M and comes successively into the positions M O o M P 
11 Q y the pomt of contact N will mark out on the surface 
the circle N O P Q The area of the sphencal surface com 
\rehended withm this circle is the portion of the earth s 
surface visible to a spectator at Jf and the angle N if Q 
included between the two extreme visual rays is the meas 
ure of its apparent angular diameter Leaving at present 
out of consideration the effect of re'frsction in the air below 
M, of which more hereafter and which always tends m 
some degree to increase that angle or render it more obtuse 
this 13 the angle measured by the dip sector Now, it is 
evident Ist that as the point M is more elevated above m, 
the point unmediately below it on tbe sphere the visible 
area t c the sphencal segment or slice N O P Q increases 



OVTLihTJi OF ASTRONOZrr 


41 


2<lly, that tho distance of the visible fiortzon* or boundary 
of our view from tbo eye» viz,, the line It N, increases; 
and, Sdly, that tho angle K il Q becomes hss or, m 

other words, tho apparent angular diameter of tho earth 
diminishes, being nowhere so great as ISO®, or two right 
angles, but falling 'shoit of it by some senaiblo quantity, 
and that more and more tho higher we ascend. The figure 



exhibtlfl thr»'»‘ or of floriijon, with the hoaron, 

ell , K>rr>’q'on<tm^ lo tA h. a gUiKO aS whuh will cxp’iin 
ourmiMtimv', or Imiitmc ou'^elieA to if e and nf -e 

dUlim t M N O r IJ, b t the readc r ti 'ACine o N '!, M Q y 
t.» 1 h‘ the two b ^ of a r>iK'r at M, r- J l.i j t ext'-’n *, «1 

by the gl >l>e N n Q t ctvto n then It n cVa% that t’-e 
font M H urjn'il home towaol the inrfai e. the letfw wi’I 
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Open, and the ruler •pall become more nearly straight, but 
mil not attain perfect straightneas till M is brought fairly 
up to contact with the surface at m, in which case its whole 
length will become a tangent to the sphere at m, as is the 
line ® y 

(23 ) This explains what is meant by the dip of (he hort 
zon. M m, which is perpendicular to the general surface of 
the sphere at m, is also the direction in which a ylumh line* 
would hang, for it is an observed fact, that in all situations, 
in eveiy part of the earth, the direction of a plumb line is 
exactly perpendicular to the surface of still water, and, 
moreover, that it is also exactly perpendicular to a line or 
surface truly adjusted by a spirit level * S appose, then, 
that at our station M we were to adjust a line (a wooden 
ruler, for instance) by a spirit level, with perfect exactne^ia, 
then, if wo suppose the direction of this line indefinitely 
prolonged both ways, as X if Y, the line so drawn will be 
at right angles to JM m, and therefore parallel to a: tu y, the 
tangent to the sphere at m A spectator placed at Jf will 
therefore see not only all the vault of the sky above this 
line, as X Z Y, but also that portion or zone of it wbich 
lies between X N and Y Q, in other words, his sky will bo 
more than a hemisphere by the zone Y Q X N It is the 
angular breadth of this redundant zone — the angle Y M Q, 
by which the iisihlc horizon appears depressed below the 
direction of a spirit level — that is called the dip of the hon 
zon It is a correction of tonstant use in nautical as* 
tronomy 

(24 ) From the foregoing explanations it appears, Ist, 
That the genera! figure of the earth (so far as it can bo 


* 8«o Uic^ tDatrunenia de«efib«J )a Cbap. QL 
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gathered from this kiod of observation) is that of a sphere 
or globe. In this we also include that of the sea, which, 
wherever it extends, covers and Gils in those inequalities 
and local irregularities which exist on land, but which can 
of course only be regarded as trifling deviations from the 
general outline of the whole mass, as we consider an orange 
not the less round for the roughness on its rind. 2dly, That 
the appearance of a tisiblc horizon, or sea-ofling, is a conse- 
quence of the curvature of the surface, and docs not arise 
from the inability of the eye to follow objects to a greater 
distance, or from atmospberio indistinctness. It will bo 
worth while to pursue the general notion thus acquired into 
some of its consequences, by which its consistency with 
observations of a diGercnt kind, and on a larger scale, will 
be put to the test, and a clear conception bo formed of the 
manner in which the parts of the earth are related to each 
other, and hold together as a whole 

(25.) In the flrst place, then, every one who has passed 
a little while at the seaside is aware that objects may bo 
seen perfectly well beyond the offing or visible horizon — 
but not the whole of them. 

"We only see their upper 
parts Their bases where 
they rest on, or rise out 
of the water, are hid from 
view by the spherical sur- 
face of the sea, which pro- 
trudes between them and ourselves. Suppose a ship, for 
instance, to sail directly away from our station. At flrst, 
of tfe* s.h’.p is t, apectatss, S, 
situated at some certain height above the sea, sees the 
whole of the ship, even to the water line where it rests on 
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the sea, as at A As it recedes it dimmishes, it is true, m 
apparent size, but still the uhole is seen down to the water 
hoe, till It reaches the visible horizon at B But as soon as 
It has passed this distance, not only does the visible por- 
tion still continue to dimmish in apparent size^ bat the hull 
begins to disappear bodily, as if sunk below the surface 
When It has reached a certain distance, as at C, its hulh 
has entirely \ anished, but the masts and sails remain, pre- 
senting the appearance c But if, in this state of things, 
the spectator Q[uickly ascends to a higher station, T, whose 
visible horizon is at D, the hull comes >again in sight, and, 
when he descends again, he loses it The ship still reced 
ing, the lower sails seem to sink below the water, as at d, 
and at length the whole disappears, while yet the distinct 
ness with which the last portion of the sail d is seen is such 
as to satisfy us that were it not for the interposed segment 
of the sea, ABODE, the distance T E is not so great as 
to have prevented an equally perfect view of the whole 
(26 ) The history of aeronautic adventure affords a cun 
ouB illustration of the same principle The late ifr Sadler, 
the celebrated aeronaut, ascended on one occasion in a bal 
loon from Dublin, and was wafted across the Irish Channel, 
when, on his approach to the W elsh coast, the balloon dc 
sceoded nearly to the surface of the sea By this time the 
sun was set, and the shades of evening began to close m 
He threw out nearly all his ballast, and suddenly sprang 
upward to a great height, and by so doing brought his hori 
zon to dip below the sun, producing the whole phenomenon 
of a western sunrise M Charles in his memorable ascent 
from Paris in 178S witnessed the same phenomenon 

(27 ) II we could measnre the heights and exact distance 
of two stations which could barely be discerned from each 
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Other over the edge of the horizon, wc could ascertain the 
actual size of the earth itself and, in fact, were it not for 
the effect .of refraction, bj which wc are enabled to sec m 
some small degree round the interposed segment (as will be 
hereafter explained), this would bo a tolerably good method 
of ascertaining it Suppose A and B to be two eminences, 
'whose perpendicular heights A o and B b (which, for sim 
plicity, we will suppose to be exactly equal) are known, as 
well as their exact horizontal in 
terval a D i, b} measurement, 
then It IS clear that D, the risi 
ble horizon of both, will lie just 
half way between them, and if 
wc suppose a D £ to be the 
sphere of the earth, and C its centre in the figure 
C D h B, we know D h the length of the arch of the 
circle between D and b — ^viz , half the measured interval, 
and h B, the excess of its secant above its radius — which 
13 the height of B — data which, by the solution of an easy 
geometrical problem, enable us to find the length of the 
radius DC If, os is really the case we suppose both the 
heights and distance of the stations inconsiderable in com 
panson with the size of the earth, the solution alluded to 
13 contained in the following proposition 

The earth a diameter hears the same proportion to the dis 
iance of the visible horizon from the eje as that distance does 
to the height of the eye above the sea level 

When the stations are unequal id height, the problem 
13 a little more complicated 

(28) Although as we have observed, the effect of re 
fraction prevents this from being an exact method of ascer 
taming the dimensions of the earth, yet it will suffice to 
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afford Buct an approsiraation to it as shall be of use in the 
present stage of the reader s loiowledge and help him to 
many juat conceptions, on vfhich account we shall exemplify 
its application in numbers Now, it appears by observation 
that two points each ten feet above the surface, cea«o to 
be visible from each other over still water, and in average 
atmospheric circumstances at a distance of about 8 miles* 
But 10 feet IS the 528th part of a mile, so that half that 
distance or 4 miles is to the height of each as 4x528 or 
2112 1 and therefore in the same proportion to 4 miles 
IS the length of the earth b diameter It must, therefore, 
he eq^ual to 4x2112=:8448 or, in round numbers about 
8000 miles which is not very far from the truth 

(29 ) Such IS the first rough result of an attempt to 
ascertain the earth s magnitude, and it will not be amiss 
if we take advantage of it to compare it with objects we 
have been aconatomed to consider as of vast size so as 
to interpose a few steps between jt and oar ordmaiy ideas 
of dimension "We have before likened the inequalities 
on the earth s surface arising from mountains valleya, 
buildings, etc to tho roughnesses on the rind of an orange, 
compared with its general mass The compaTistu is quite 
free from exaggeration Thu highest mountain known 
hardly exceeds hve miles m perpendicular elevation this 
18 only one 1600th part of the earth s diameter conse 
quently on a globe of sixteen inches m diameter, such 
a mountain would bo represented by a protuberance of no 
more than one hundredth part of an inch which is about 
the thicl ness of ordinary drawing paper Now, as there 
13 no entire continent or even any very extensive tract of 
land known whose general elevation above the sea la any 
thing like half this quantity, it follows, that if we would 



OUTLINES OF Asmo^oirr 


47 


construct a correct model of our earth, with its seas, con 
tiDCDts, and mountains, on a globe sixteen inches m di&m 
eter, the whole of the land, with the exception of a few 
prominent points and ndges, must bo comprised on it 
within the thickness of thin wnting paper, and the highest 
hills would be repre‘<cnted bj the sraallcst visible grams 
*of sand 

(SO ) The deepest mine existing docs not penetrate half 
a mile below the surface a scratch, or pm hole, duly rep 
resenting it, on the surface of such a globe os our model, 
would be imperceptible without a magnifier 

(31 ) The greatest depth of sea, probably, does not very 
much exceed the greatest elevation of the continents, and 
would, of course, be represented by an excavation, m about 
the same proportion, into the snbstancc of the globe so that 
the ocean comes to be conceived as a mere film of liquid, 
such as, on our model, would be left by a brush dipped m 
color, and drawn over those parts intended to represent the 
sea, only, m so conceiving it, we must bear in mind that 
the resemblance extends no further than to proportion in 
point of quantity The mechanical laws which would reg 
ulate the distribution and movements of such a film, and 
Its adhesion to the surface, are altogether different from 
those which govern the phenomena of the sea 

(32 ) Lastly, the greatest extent of the earth s surface 
which has ever been brought at once withm the range of 
human vision was that which, but for clouds would ha\o 
been exposed to the view of Messrs Glaisher and Coxwell, 
in their balloon ascent of September 6, 1863 to the enor 
mous height of seven miles To estimate the proportion 
of the area visible from this elevation to the whole earth’s 
surface, we must have recourse to the geometry of the 
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sphere, which informs ns that the convex surface of a 
spherical segment is to the whole surface to which it be- 
longs as the thickness of the segment is to the diameter 
of the sphere; and further, that this thickness, in the case 
wo are considering, is almost exactly equal to the perpen- 
dicular elevation of the point of sight above tlio surface. 
The proportion, therefore, of the visible area, m this ca‘;e,' 
to the whole earth's surface, is that of seyen miles to 8000, 
or 1 to 1140 The portion visible from .d2tna, the Peak of 
Tencnile, or ifowna Eoa, is about one 4000th. 

(33.) When we ascend to any very considerable eleva- 
tion above the surface of the earth, either in a balloon, or 
on mountains, we are made aware, hy many uneasy sensa- 
tions, of an insufllcient supply of otV. The barometer, an 
instrument which informs us of the weight of air incumbent 
on a given horizontal surface, confirms this impression, and 
affords a direct measure of the rate of diminution of the 
quantity of air which a given space includes as we recede 
from the surface. From its indications we learn, that when 
we have ascended to the height of 1000 feet, we have left 
below us about one thirtieth of the whole mass of the atmos- 
phere — that at 10,600 feet of perpendicular elevation (which 
18 rather less than that of the summit of jEtna') we have 
ascended through about one-third; and nt 18,000 feet (which 
is nearly that of Cotopaxi) through one-half the material, 
or, at least, the ponderable body of air incumbent on the 
earth’s surface. From the progression of these numbers, 
as well as, ii ‘priori, from the nature of the air itself, which 
IS compressibU, t e , capable of being condensed or crowded 


* The height oC above the Medilcrranean (as U results from a bftro 
metrical measurement of my own, inaiio m July, 1824, under reiy favorable 
circumstances) Is 10,872 English feet. — Auihor, 
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into a smaller space in proportion to tbo mcambcnt press* 
nre, it is easy to see that, although by rising still higher, 
we should continually get above more and more of the air, 
and so relieve ourselves more and more from the pressure 
with which it weighs upon us, yet the amount of this addi- 
tional relief, or the ^onderdbU quantity of air surmounted, 
trould be by no means in proportion to the additional height 
ascended, but in a constantly decreasing ratio An easy 
calculation, however, founded on our experimental knowl- 
edge of the properties of air, and the mechanical laws which 
regulate its dilatation and compression, is sufficient to show 
that, at an altitude above the surface of the earth not cx 
cceding the hundredth part of its diameter, the tenuity, or 
rarefaction, of the air must be so excessive, that not only 
animal life could not subsist, or combustion be maintained 
m It, but that the most delicate means we possess of ascer 
taming the existence of any air at all would fail to afford 
the slightest perceptible indications of its presence 

(84 ) Laying out of consideration, therefore, at present, 
all nice questions as to the probable existence of a definite 
hmit to the atmosphere, beyoad which there is, absolately 
and rigorously speaking, no air, it is clear, that, for all 
practical purposes, we may speak of those regions which 
are more distant above the earth’s surface than the hun- 
dredth part of Its diameter as void of air, and of course of 
clouds (which are nothing but visible vapors, diffused and 
Jhatmg in the air, sustained by it, and rendering it turltd 
as mud does water) It seems probable, from many indica- 
tions, that the greatest height at which visible clouds eier 
exist does not exceed ten miles, at which height the density 
of the air is about an eighth part of what it is at the level 
of the sea 

Astronout— Vol XIX— 3 
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(35 ) We are thus led to regard the atmosphere of air, 
vntb the oloada it supports, as coustitating a coating of 
equable or nearly equable thickness, enveloping our globe 
on all sides , or rather aa an aenal ocean, of -which the snr 
face of the sea and land constitutes the bed, and whose in 
ferior portions or strata, within a few miles of the earth, 
contain by far the greater part of the whole mass, the den' 
sity diminishing with extreme rapidity as we recede upwird, 
till, within a very moderate distance (such as would be rep 
resented by the sixth of an inch on the model we have be 
fore spoken of, and which is not more in proportion to the 
globe on which it rests, than the downy skin of a peach 
in comparison with the fruit within it) all sensible trace 
of the existence of air disappears 

(S6 ) Arguments, however, are not wanting to render it, 
if not absolutely certain, at least in the highest degree prob 
able that the surface of the aenal like that of the aqueous 
ocean, has a real and definite limit, as above hinted at, be 
yond which there is positively no air, and above which a 
fresh quantity of air, could it be added from without or 
earned aloft from below, instead of dilating itself inde 
finitely upward, would, after a certain very enormous bat 
BtiU finite enlargement of volume, sink and merge as water 
poured into the sea and distribute itself among the mass 
beneath With the truth of this conclusion, however, os 
tronomy has little concern, all the effects of the atmosphere 
in modifying astronomical phenomena being the same 
whether it be supposed of definite extent or not 

(37 ) Moreover, whichever idea we adopt, within those 
bmits in which it possesses any appreciable density its con 
Btitation is the same oi er all points of the earth a surface 
that 13 to say, on the great scale, and leaving out of con 
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Eideratton temporary and local canses of dcrangemont, such 
as winds, and great fluctuations, of the nature of waves, 
which prevail in it to an immen"c extent In other words, 
the law of diminution o! the air’s density ns we recede up 
ward/rotn Oie letel of the sea is the same in e^ery column 
into which we may conceive it divided, or from whatever 
^omt of the surface we may set out It may therefore bo 
considered us consisting of succcasively superposed strata 
or layers, each of the form of a spherical shell concontrio 
with the general surface of the sea and land, and each of 
which 13 rarer, or specifically lighter, than that immediately 
beneath it, and denser, or specifically heavier, than that im 
mediately abo^ c it This, at least, is the kind of distnbu 
tion which alone would be consistent with the laws of the 
equilibrium of fluids Inasmuch, however, *13 the atmos 
phere is not in perfect equilibrium, being always kept in 
a state of circulation, owing to the excels of' heat in its 
equatorial regions over that at the poles, some slight devia 
tion from the rigorous expression of this hw takes place, 
and in peculiar localities there is reason to believe that even 
cODsidersWe permaoent depressions 0/ the coatours of these 
strata, below their general or spherical level, subsist But 
these are points of consideration rather for the meteorologist 
than the astronomer It must be observed, moreover, that 
with this distribation of its strata the inequalities of moun 
tains and valleys have little concern These exercise hardly 
more influence in modifying their general spherical figure 
than the inequalities at the bottom of the sea interfere with 
the general sphericity of its surface They would exercise 
nbsnlDteljv none were it not for their effect in^ivin^ another 
than horizontal direction to the currents of air constituting 
winds, as shoals in the ocean throw up the currents which 
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sweep over them toward the surface, and so in some smaU 
degree tend to disturb the perfect level of that surface 

(88 ) It 13 the power which air possesses, m common 
with all transparent media, of refracitng the rays of light, 
or bending them out of their straight course, which renders 
a knowledge of the constitution of the atmosphere important 
to the astronomer Owing to this property, objects seefi 
obliquely through it appear otherwise situated than they 
would to the same spectator, had the atmosphere no exist 
ence It thus produces a false impression respecting their 
places, which must be rectified by ascertaining the amount 
and direction of the displacement so apparently produced 
on each, before we can come at a knowledge of the true 
directions in which they are situated from us at any assigned 
moment 

(39 ) Suppose a spectator placed at A, any point of the 
earth's surface K A and let L I, M m, K n, represent the 
successive strata or layers, of decrea‘»ing density, into which 
we may conceive the atmosphere to be divided, and which 
are spherical surfaces concentric with K i, the earth 8 sur 
face Let S represent a star, or other heavenly body, be 
yond the utmost limit of the atmosphere Then, if the air 
were away, the spectator would see it in the direction of the 
straight line AS But, lu reality, when the ray of light 
S A reaches the atmosphere, suppose at d, it will, by the 
laws of optics, begin to bend downward, and take a more 
jnelined direction, as d! c This bending will at first be im 
perceptible, owing to the extreme tenuity of the uppermost 
strata, but as it advances downward, the strata continnally 
increasing in density, it will continually undergo greater 
and greater refraction in the same direction, and thus, m 
stead of pursuing the straight line S d A, it will describe a 
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curve S d c i a, continually more and more concave down- 
ward, and will reach the earth, not at A, but at a certain 
point a, nearer to S. This ray, consequently, will not reach 
the spectator’s eye. The ray by which ho will see tho star 
is, therefore, not S d A, but another ray which, had there 
been no atmosphere, would have struck the earth at K., a 
point Mtind tho spectator; but which, being bent by the air 
into tho curve S D C B A, actually strikes on A. Kow, it 



is a law of optics, that an object is seen in the direction 
which the visual ray has at the instant of arnvtnff at the 
eye, without regard to what may have been otherwise its 
course between the object and the eye. Hence the star S 
will be seen, not in the direction A S, but in that of A », 
a tangent to the curve S D C B A, at A. But because the 
curve described by the refracted ray is concave downward., 
the tangent As u ill lie aJoic A S, the unrefracted ray; 
consequently the object S will appear more elevated above 
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the horizon A H, when seen through the refracting atmos 
phere, than it would appear were there no such atmosphere 
Since, however, the disposition of the strata is the same m 
all directions around A, the visual ray will not be made to 
deviate laterally, but will remain constantly in the same 
vertical plane, SAC, passing through the eye, the object, 
and the earth’s centre 

(40 ) The effect of the air’s refraction, then, is to raise 
all the heavenly bodies higher above the horizon in appear 
ance than they are m reality Any such body, situated 
actually tn the true horizon, will appear alote it, or will 
have some certain apparent altitude (as it is called) Nay, 
even some of those actually below the horizon, and which 
would therefore be invisible but for the effect of refraction, 
are, by that effect, raised above it and brought into sight 
Thus, the sun, when situated at P below the true horizon, 
A H, of the spectator, becomes visible to him, as if it 
stood at p by the refracted ray P 5 r / A, to which A p 
IS a tahgent 

(41 ) The exact estimation of the amount of atmospheric 
refraction, or the strict determination of the angle S A « py 
which a celestial object at any assigned altitude H A S is 
raised in appearance above its true place is unfortunately, 
a very difficult subject of physical inquiry, and one on 
which geometers (from whom alone we can look for any 
information on the subject) are not yet entirely agreed 
The difficulty arises from this, that the density of any 
stratum of air (on which its refracting power depends) is 
affected not merely by the superincumbent pressure, but 
also by its temperature or degree of beat Now, although 
we know that as we recede from the earth s surface the 
temperature of the air is constantly dmunishiag, yet the 
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law, or amount of ibis dimin niton at (USerent heights, is 
not yet fuUy ascertained Moreover, the refracting power 
of air IS perceptibly affected by its moisture , and this, too, 
13 not the same m every part of an aerial column, neither 
are wo acquainted with the laws of its distribution The 
consequence of our ignorance on these points is to introduce 
a corresponding degree of uncertainty into the determina 
tion of the amount of refraction, which affects, to a certain 
appreciable extent, our knowledge of several of the most 
important data of astronomy The uncertainty thus in 
duced 13 , however, confined within such ver^ narrow limits 
as to be no cause of embarrassment, except in the most 
delicate inquiries, and to call for no further allusion in a 
treatise like the present 

(42 ) A “Table of Refractions as it is called or a 
statement of the amount of apparent displacement arising 
from this cause, at all altitudes^ or in every situation of a 
heavenly body, from the horizon to the eemlh* (or point 
of the sky vertically above the spectator) and under all 
the circumstances in which astronomical observations ore 
usnally performed which may influence the result is one 
of the most important and indispensable of all astronomical 
tables, since it is only by the use of such a table we are cn 
abled to get nd of an illusion which must otherwise pervert 
all our notions respecting the celestial motions Such have 
been, accordingly, constructed with great care, and are to 
be found in every collection of astronomical tables Our 
design, in the present treatise, will not admit of the intro 
d action of tables, and we must, therefore, content ourselves 


* From »» Arab c word of tbU a gmfleahon Seo tba term techn cslly 
defined In Cbap H 
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here, and in eimilar cases, with referring the reader to works 
cspccmllj destined to famish these useful aids to calcula 
tioQ It IS, however, desirable that ho should bear lu mind 
the following general notions of its amount, and law of 
variations 

(43 ) 1st In the zemtJi there is no refraction A celcs 
tial object, situated lertically overhead, is seen in its true* 
direction, os if there were no atmosphere, at least if the air 
bo tranquil 

2dly In descending from the eenit/i to the horizon, the 
refraction continually increases Objects near the honzon 
appear more elevated by it above their true directions than 
Xhoe^ at a higli altitude 

Sdlj The rate of its increase ls nearly in proportion to 
the tangent of the apparent angular distance of the object 
from the zenith But this rule, which is not far from the 
truth, at rnodento zenxtJi ihatancer, ctasea to give corrvcl 
results in the MCimlj of the horizon, where the law be- 
comes much more complicated in its expression 
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5thly. That when the barometer is higher than its aver- 
age or mean state, the amount of refraction is greater than 
its mean amount; when lower, leas: and, 

6tbly. That for one and tbo same reading of tho barome- 
ter the refraction is greater, the colder tho air. Tho varia- 
tions, owing to these two causes, from its mean amount (at 
-temp 65®, pressure 30 inches), arc about one 420th part of 
that amount for each degree of the thermometer of Fahren- 
heit, and one 800th for each tenth of an inch in tho height 
of tho barometer. 

(44 ) It follows from this, that one obvious effect of 
refraction must bo to shorten the duration of night and 
darkness, by actually prolonging the stay of the sun and 
moon above the horizon But even after they are set, the 
influeuce of the atmosphere still continues to send us a por- 
tion of their light; not, indeed, by direct transmission, but 
by rejleclion upon the vapors and minute solid particles 
which float in it, and, perhaps, also on the actual material 
atoms of the air itself. To understand how this takes 
place, we must recollect, that it is not only by the direct 
light of a luminous object that we see, but that whatever 
portion of its light which would not otherwise reach our 
eyes is intercepted in its course, and thrown back, or lat- 
erally, upon us, becomes to us a means of illumination. 
Such reflective obstacles always exist floating in the air. 
The whole course of a sunbeam penetrating through the 
chink of a window-shutter into a dark room is visible as a 
bright line in the air. and even if it be stifled, or let out 
through an opposite crevice, the light scattered through the 
apartment from this source is sufficient to prevent entire 
darkness in the room The luminous lines occasionally 
seen in the air, m a sky full of partially broken clouds, 
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■which the vulgar term “the sun drawing water,” are simi- 
larly caused. They are sunbeams, through apertures in 
clonds, partially intercepted and reflected on the dust and 
vapors of the air below. Thus it is with those solar rays 
which, after the snn is itself concealed by the convexity of 
the earth, continue to traverse the higher regions of the at- 
mosphere above our heads, and pass through and out of Jt,* 
without directly striking on the earth at all. Some portion 
of them IS intercepted and reflected by the floating particles 
above mentioned, and thrown back, or laterally, so as to 



reach us, and afford us that secondary illumination, whioh 
is twdight. The eonrse of such rays will be immediately 
understood from the above figure, m which A B 0 D is the 
earth; A a point on its surface, where the sun S is in 
the act of setting: its last lower ray S A M just grazing the 
surface at A, while its saperior ra^s S K, S O, traverse the 
atmosphere above A without striking the earth, leaving it 
finally at the points P Q E, after being more or le^s bent in 
passing through it, the lower most, the higher less, and that 
which, like S K O, merely grazes the exterior limit of the 
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atmosphere, not at all Let us consider several points, A, 
B, C, B, each more remote than the last from A, and each 
more deeply involved in the eariJi'a shadow, which occupies 
the whole space from A beneath the line A M Now, 
A ]ust receives the sun’s last direct ray, and, besides, is 
illuminated by the whole reflective atmosphere P Q R T 
*It therefore ^ecel^e3 twilight from the whole sky The 
point B, to which the sun has set, receives no direct solar 
light, nor any, direct or reflected, from all that part of tis 
visible atmosphere which 13 below A P M, but from the 
lenticular portion P R x, winch is traversed by the sun’s 
rays, and which lies above the visible honron B R of B, 
It receives a twilight, which is strongest at R, the point im 
mediately below which the snn is, and fades awaj gradually 
toward P, as the luminous part of the atmosphere thins off 
At C, only the last or thinnest portion, P Q z of the Ion 
ticalar segment, thus illuminated lies above the horizon, 
C Q of that place, here, then the twilight is feeble, and 
coniiaed to a small space in and near the honzon which 
the sun has quitted, while at D the twilight has ceased 
altogether 

(46 ) When the ann la above the horizon, jt illnminates 
the atmosphere and clouds, and these again disperse and 
scatter a portion of its light in all directions so as to send 
some of its rays to every exposed point from eveiy point 
of the sky The generally diffused light therefore, which 
we enjoy in the daytime, is a phenomenon originating in 
the very same causes as the twilight Were it not for the 
reflective and scattering power of the atmosphere no objects 
would be visible to us out of direct sunshine every shadow 
of a passing clond would be pitchy darl ness, the stars 
■would be visible all day, and every apartment, into which 
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the sun had not direct admission, irould be involved in noc 
tnrnal obscanty This Ecattering action of the atmosphere 
on the solar light, it should be obser\ed, is increased by 
the irregalantj of temperature caused by the same luminary 
in Its different parts, which, during the daytime, throws it 
into a constant state of undulation, and, by thus bringing 
together masses of air of very unequal temperatures, pro 
duces partial reflections and refractions at their common 
boundanes, by which some portion of the light is turned 
aside from the direct course, and diverted to the purposes 
of general illumination A secondary twilight, however, 
may be traced even beyond the point D, consequent on a 
re reflection of the rays dispersed through the atmosphere 
in the primary one The phenomenon seen in the clear 
atmosphere of the Nubian desert, described by travellers 
under the name of the “After glow,” would seem to arise 
from this cause 

(46 ) From the explanation we have given, in arts 89 
and 40, of the nature of atmospheric refraction, and the 
mode in which it is produced in the progre^ss of a ray of 
light through successive strata or layers, of the atmosphere, 
It will be evident, that whenever a ray passes obliquely from 
a higher level to a lower one, or tjce tersd, its course is not 
rectilinear, but concave downward, and of course any ob 
ject seen by means of such a my, must appear deviated 
from Its true place, whether that object be, like the celestial 
bodies, entirely beyond the atmosphere, or, like the summits 
of mountains seen from the plains, or other terrestrial sla 
tions at different leich seen from each other, immersed 
in it. Every difference of lei el, accompaniel as it must 
be, with a difference of density m the cen \1 strata, mnst 
also have, corresponding to it, a certain amount of refrao 
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tion; less, indeed, than wbat would be produced bj tbe 
tchoh atmo^here, but still often of very appreciable, and 
even considerable, amount. This refraction between terres- 
trial stations is termed terrestrial refraction, to distinguish it 
from that total eSect which is only produced on celestial 
objects, or such as are beyond the atmosphere, and which 
Is called celestial or astronomical refraction. 

(47 ) Another efiect of refraction is to distort the visible 
forms and proportions of objects seen near the horizon. The 
sun, for instance, which at a considerable altitnde always 
appears ronnd, assumes, as it approaches the horizon, a 
flattened or oval outline, its horizontal diameter being 
visibly greater than that in a vertical direction "When 
Aery near the horizon, this flattening is eiidently more 
considerable on the lower side than on tbe upper; so that 
the apparent form is neither circular nor elliptic, bat a 
species of oval, 'nbich deviates more from a circle below 
than above TLis singnlar efiect, which any one may notice 
in a flue snnset, anses from the rapid rate at which the re 
fraction increases in approaching the horizon Were eveiy 
visible point in the sun's circamference equally raised by 
refraction, it would still appear circular, though displaced; 
but the lower portions being more raised than the upper, 
the vertical diameter is thereby shortened, while the two 
extremities of its horizontal diameter are equally raised, 
and in parallel directions, so that its apparent length re- 
mains the same The dilated size (generally) of the sun or 
moon, when seen near the bonzon, beyond what they appear 
to have when high up in the sky, has nothing to do with 
refraction It is an illusion of the lodgment, arising from 
the terrestrial objects interposed, or placed m close com 
parisoD with them In that situation we view and judge of. 
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them as wo do of tcrrestnal objects — m detail, and with 
an acquired habit of attention to parts Aloft wo have no 
associations to guide us, and their insulation in tho expanse 
of sky leads us rather to undervalue than to overrate their 
apparent magnitudes Actual measurement with a proper 
instrument corrccta our error, without, however, dispelling 
our illusion By this wo learn, that the sun, when just on 
tho horizon, subtends at our eyes almost exactly tho same, 
and the moon a materially less angle, than when seen at a 
great altitude in tho sky, owing to its greater distance from 
US in tho former situation as compared with the latter, as 
will be explained further on 

(48 ) After what has been said of the small extent of 
the atmosphere m comparison with tho rnass of the earth, 
wo shall have little hesitation in admitting those luminaries 
which people and adorn the sky, and which, while they 
obviously form no part of the earth, and receive no support 
from it are yet not borne along at random like clouds upon 
the air, nor drifted by tho winds to be external to our 
atmosphere As such we havo considered them while 
speaking of their refractions — as existing in the immensity 
of space beyond and situated perhaps for anything we can 
perceive to the contrary, at enormous distances from us and 
from each other 

(49 ) Could a spectator exist unsuatamed by the earth, 
or any solid support he would see around him at one new 
the whole contents of space — the visible constituents of the 
universe and, in the absence of any means of judging of 
their distances from him would refer them in the directions 
in which they were seen from his station, to the concave 
surface of an imaginary sphere, having Jiis eye for a centre, 
and its surface at some vast indeterminate distance Per 
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haps ho might judge those 'which appear to him large and 
bright, to bo nearer to him than the amaller and less bnl 
liant, but, independent of other means of judging, he would 
have no warrant for this opinion, any more than for the idea 
that all were equidistant from him, and really arranged on 
such a spherical surface Netcrtheless, there would be 
ho impropriety m his referring their places, georaetncally 
speaking, to those points of such a purely imaginary sphere, 
which their respective visual rays intersect, and there would 
be much ad\ antage in so doing, as by that means their ap 
pearance and relative situation could be accurately meas 
ured, recorded, and mapped down The objects in a land 
scape are at every variety of distance from the eye, yet we 
lay them 'll! don n in a picture on one plane, and at one 
distance, m their actual apparent proportions and the like 
ness IS not taxed with incorrectness, though a man in the 
foreground should be represented larger than a mountain 
in the distance So it is to a spectator of the heavenly 
bodies pictured, projected^ or mapped down on that imagi 
nary sphere we call the shy or heaien Thus, we may easily 
conceive that the moon, which appears to us as large as the 
sun, though less bright, may owe that apparent equality to 
its greater proximity, and may be really much le<»3 while 
both the moon and sun may only appear larger and bnghter 
than the stars, on account of the remoteness of the latter 
(oO ) A spectator on the earth s surface la prevented, by 
the great mass on which he stands, from seeing into all that 
portion of space which is below him, or to see which ho 
must look in any degree downward It is true that if his 
place of observation be at a great elevation, the dip of the 
hon 2 on will bring ■within the scope of vision a little more 
than a hemisphere and refraction, wherever he may bo 
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situated, will enable him to look, as it were, a little round 
the corner; but the zone thus added to his visual range can 
hardlj ever, unless in veiy extraordinary circumstances, 
exceed a couple of degrees in breadth, and is always ill 
seen on account of the vapors near the horizon. Unless, 
then, by a change of bis geographical situation, he should 
shift bis horizon (which is always a plane passing through 
his eye, and touching the spherical convexity of the earth); 
or unless, by some movements proper to the heavenly 
"bodies, they should of themselves come above his horizon; 
or, lastly, uulcss, by some rotation of the earth itself on its 
centre, the point of its surface which he occupies should be 
carried round, and presented toward a different region of 
space, he would never obtain a sight of almost one-half 
the objects external to our atmosphere. But if any of these 
cases be supposed, more, or all, may come into view accord- 
ing to the circumstances, 

(61 ) A traveller, for example, shifting his locality on 
our globe, will obtain a view of celestial objects invisible 
from his original station, in a way which may be not inaptly 
illustrated by comparing him to a person standing m a park 
close to a large tree. The massive obstacle presented by its 
trunk cuts o2 his view of all those parts of the landscape 
which it occupies as an obj'ect; but by walking round it a 
complete successive view of the whole panor.'ima may bo 
obtained Just in the same way, if we set off from any 
station, ns London, and travel southward, wo shall not fail 
to notice that many celestial objects which are never seen 
from London come successively into view, as if rising up 
above the horizon, night after night, from the south, al- 
though it 13 in reality our horizon, which, travelling with 
us southward round the sphere, sinks in succcasion beneath 
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them The novelty and eplcndor of fresh conBiollations 
thus gradnally brought into view m the clear calm mghta 
of tropical climates, in long voyages to tho south, is dwelt 
upon by all who have enjoyed this spectacle, and never 
fails to impress itself on tho recollection among the most 



delightful and interesting of the associations connected with 
evtensive travel A glance at the accompanying figure, 
exhibiting three successive stations of a traveller, A, B, C, 
with the horizon corresponding to each, will place this 
process m clearer evidence than any descnption 

(62 ) Again snpposc the earth itself to have a motion 
of rotation on its centre It is evident that a spectator at 
rest (as it appears to him) on any part of it will, unper- 
ceived by himself, be earned round with it unperceived, 
we say, because his honzon will constantly contain, and bo 
limited by, tho same terrestrial objects He will have the 
same landscape constantly before his ojes, in which all 
the familiar objects in it, which serve him for landmarks 
and directions, retain with respect to himself or to each 
other, the same invariable situations The perfect smooth 
ness and equality of tho motion of so vast a mass, in which 
every object he sees around him participates alike, will (art 
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16) prevent hia entertaining any euspicion of lu3 actual 
change of place -Yet, with respect to external objects— 
that IS to sa^, all celestial ones which do not participate 
in the supposed rotation of the earth — his horizon will have 
been all the while shifting in its relation to them, precisely 
as in the case of our traveller in the foregoing article 
Recurring td the figure of that article, it is evidently the 
same thing, bo far as their visibility is concerned, whether 
he has been earned by the earth’s rotation successively into 
the situations A, B, C, or whether, the earth remaining at 
rest, he has transferred himself personally along its surface 
to those stations Our spectator in the park will obtain 
precisely the same view of the landscape, whether he walk 
round the tree, or whether we suppose it sawed off, and 
made to turn on an upright pivot, while he stands on a 
projecting step attached to it, and allows himself to be 
earned round by its motion The only difference will be 
in his view of the tree itself, of which, m the former case, 
he will see every part but, in the latter, only that portion 
of it which remains constantly opposite to him, and imme 
diately under his eye ^ 

(63 ) By such a rotation of the earth, then, as we have 
supposed, the horizon of a stationary spectator will be con 
Btantly depressing itself below those objects which lie m 
that region of space toward which the rotation is carrying 
him, and ele\ ating itself above those in the opposite quar 
ter, admitting into vien the former, and successnely hiding 
the latter As the horizon of every such spectator, bow 
ever, appears to him motionless all such changes wjll bo 
referred by him to a motion in the objects themselves so 
Buccessively disclosed and concealed In place of his hon 
zon approaching the stars, therefore, be will judge the stars 
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to approach his horizon, and when it passes over and hides 
any of them, ho will consider them as having sunk helow 
It, OT set, while those it has jnst disclosed, and from which 
It 13 receding, will seenl to be rising above it 

(64 ) If we suppose this rotation of the earth to continue 
in one and the same direction — that is to say, to be per 
formed round one and the same oxw, till it has completed 
an entire revolution, and come back to the position from 
which It set out when the spectator began his observations 
— it 19 manifest that everything will then be m precisely 
the same relative position as at the outset all the heavenly 
bodies will appear to occupy the same places in the concaie 
of the sky which they did at that instant, except such as 
may have actually moved in the interim, and if the rota 
tion still continne, the same phenomena of their successive 
rising and setting, and return to the same places, will con 
tinue to be repeated in the same order and (if the velocity 
of rotation be uniform) m equal intenals of time, ad tn 
Jimtum 

(55 ) !Now, in this we have a lively picture of that grand 
pheuomenou, the most important bejond all compatiBon 
which nature presents, the daily rising and setting of the 
sun and stars, their progress through the vault of the heav 
ens, and their return to the same apparent places at the 
same hours of the day and night The accomplishment of 
this restoration in the regular interval of twenty four hours 
IS the first instance we encounter of that great law of perto 
dictfy,' which, as we shall see, pervades all astronomy, by 
which expression we understand the continual reproduction 
of the same phenomena, in the same order, at equal inter 
vals of time 


t atf »<«( a go%ng round a circutat on or roTotutoin. 
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(66 ) A free rotation of the earth round its centre, if it 
exist and he performed in consonance with the same me 
chanical laws which obtain in the motions of masses of mat* 
ter under our immediate control, and within our ordinary 
experience, must be such as to satisfy two essential condi 
tiODs It must be invariable in its direction with respect to 
the sphere itself, and uniform in its velocity. The rotation 
must be performed round an oa:*s or diameter of the sphere, 
whose poles or extremities, where it meets the surface, cor 
respond always to the same points on the sphere Modes 
of rotation of a solid body under the induence of external 
agency are conceivable, in which the poles of the imaginary 
line or axis about which it is at any moment revolving shall 
hold no fixed places on the surface, but shift upon it eveiy 
moment Such changes, however, are inconsistent with the 
idea of a rotation of a body of regular figure about its axis 
of symmetry, performed in free space, and without resist- 
ance or obstruction from any surrounding medium, or dis 
turbiDg influences The complete absence of such obstruo 
tions draws with it, of necessity, the strict fulfilment of the 
two conditions above mentioned 

(67 ) Now, these conditions are in perfect accordance 
with what we observe, and what recorded obsenation 
teaches ns, in respect of the diurnal motions of the heav- 
enly bodies Wo have no reason to believe, from history, 
that any sensible change has taken place bidco the earliest 
ages in the interval of time elapsing between two successive 
returns of the same star to the same point of the sky, or, 
rather, it is demonstrable from astronomical records that no 
such change has taken place And with respect to the other 
condition — the permanence of the axis of rotation — the appear 
nnces which any alteration in that respect must produce, 
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woald be marked, aa we sball presently show, by a corre 
Bponding change of a \ery obvious kind m the apparent 
motions of the stars, which, again, history decidedly de 
dares them not to have undergone 

(58 ) But, before we proceed to examine more in detail 
how the hypothesis of the rotation of the earth about an 
axis accords with the phenomena which the diurnal motion 
of the heavenly bodies oilers to our notice, it will be proper 
to de^icribe, with precision, in what that diurnal motion 
consists, and how far it is participated in by them all, or 
whether any of them form exceptions, wholly or partially, 
to the common analogy of the rest We will, therefore, 
suppose the reader to station himself, on a clear evening, 
jost after sunset, when the first stars begin to appear, in 
some open situation whence a good general view of the 
heavens can he obtained He will then perceive, above 
and around him, as it were, a vast concave hemispherical 
vault, beset with stars of various magnitudes, of which the 
brightest only will first catch his attention in the twilight 
and more and more will appear is the darkness increases, 
UU the whole eky le overs.p3.egled with them. When, he 
has a while admired the calm magnificence of this glorious 
spectacle, the theme of so much song, and of so much 
thought — a spectacle which no one can view without emo 
tion, and without a longing desire to know something of its 
nature and purport — let him fix his attention more particu 
latly on a few of the most brilliant stars such as be cannot 
fail to recognize again without mistake after looking away 
from them for some time, and let him refer their apparent 
situations to some surrounding objects as buildings trees 
etc , selecting purposely such ns are in different quarters of 
his horizon On comparing them again with their respec 
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tive points of reference, after a moderate interval, as the 
night advances, he -will not fail to perceive that they have 
changed their places and advanced, as by a general move 
ment, in a westvrard direction, those toward the eastern 
quarter appearing to rise or recede from the horizon, while 
those which lie toward the west will be seen to approach it, 
and, if watched long enough, will, for the most part, finally 
sink beneath it, and disappear, while others, in the eastern 
quarter, will be seen to rise as if out of the earth, and, join 
ing in the general procession will take their course with 
the rest toward the opposite quarter 

(59 ) If he persist for a considerable time in watching 
their motions, on the same or on several successive nights, 
he will perceive that each star appears to describe, as far as 
its course lies above the horizon, a circle in tbe sky that 
the circles so described are not of tbe same magnitude for 
all the stars and that those described by different stars 
difier greatly in respect of the parts of them which lie above 
the horizon Some which lie toward the quarter of the 
horizon which is denominated the SouTn * only remain for 
a short time above it and disappear, after describing m 
sight only the small upper segment of their diurnal circle, 
others, which rise between the south and east, describe 
larger segments of their circles above the horizon remain 
proportionally longer in sight and set precieely as far to 
the westward of south as they rose to the eastward while 
such as rise exactly in the east remain just tweUo hours 
visible, describe a semicircle, and set exactly in tbe west. 
With those, again, which nse between the east and north, 

* ITe irttj'pjjii} oarotwerrer iiJ iw Is e<me ssrlhcra lstlcad\s eumo* 

'i\tier« {a Vurope for cs&mple 
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the same law obtains, at least, as far as regards the time of 
their remaining above the horizon, and the proportion of 
the visible segment of their diurnal circles to their whole 
circumferences Both go on increasing, the} remain in 
view more than twelve hours, and their visible diurnal arcs 
are more than semicircles But the magnitudes of the cir 
cles themoelves dimmish, as we go from the east, north 
ward, the greatest of all the circles being described by 
those which nse exactly in the east point Carrying his 
eye further northward, he will notice, at length, stars 
which, in their diurnal motion, ]ust graze the horizon at 
Its north point, or only dip below it for a moment, while 
others never reach it at all, but continue always above it, 
revolving m entire circles round oite point called the pole, 
which appears to be the common centre of all their motions, 
and which alone, in the whole heavens may be considered 
immovable Not that this point is marked by any star It 
13 a purely imaginary centre, but there is near it one con 
siderably bright star, called the Pole Star, which is easily 
recognized by the very small circle it describes, so small, 
indeed, that, without paying particular att« 3 ntion, and refer 
ring its position very nicely to some fixed mark, it may 
easily be supposed at rest, and be itself, mistaken for the 
common centre about which all the otheiB in that region 
describe their circles, or it may be known by its confignra 
tion with a very splendid and remarkable consieUatton or 
group of stars, called by astronomers the Great Beak 
(60 ) He will further observe, that the apparent relative 
situations of all the stars among one another, is not changed 
by their diurnal motion In whatever parts of their circles 
they are observed, or at whatever hour of the night, they 
form with each other the same identical groups or confign 
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rations, to which the name of constellations has been 
given It IS true, that, in different parts of their course, 
these groups stand differently with respect to the horizon; 
and those toward the north, when m the conree of their 
diurnal moyement they pass alternately above and below 
that common centre of motion described in the last article, 
become actually inverted with respect to the horizon, whil^, 
On the other hand, they always turn the same points toward 
the pole In short, he will perceive that the whole assem 
blage of stars visible at once, or in succession, m the heav* 
ens, may be regarded as one great constellation, which 
seems to revolve with a uniform motion, as if it formed one 
coherent mass, or as if it were attached to the internal sor 
face of a vast hollow sphere, having the earth, or rather the 
spectator, in its centre, and turning round an axis inclined 
to hia horizon, so as to pass through that fixed point or pole 
already mentioned 

(61 ) Lastly, he will notice, if he have patience to out 
watch a long winter s night, commencing at the earliest 
moment when the stars appear, and continuing till morning 
twilight, that those stars which he observed setting m the 
west have again risen in the east, while those which were 
rising when he first began to notice them have completed 
their course, and are now set, and that thus the hemisphere, 
or a great part of it, which was then above, is now beneath 
him, and its place supplied by that which was at first under 
hi8 feet which he will thus discover to be no less copiously 
furnished with stars than the other, and bespangled with 
gronps no less permanent and distinctly recognizable 
Thus he will learn that the great constellation we Lave 
above spoken of as reiolving round the polo is coextcn 
Bive with the whole surface of the sphere, being in reality 
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nothing less than a non erse of luminaries surrounding the 
earth on all sides, and brought in snceession before hia 
view, and referred (each luminary according to its own 
viaual ray or direction from his eye) to the imaginary 
sphencal surface, of which he himself occupies the cen 
tre (See art. 49 ) There is always, therefore (he would 
justly argue), a star bespangled canopy over his head, by 
day as well as by night, only that the glare of daylight 
(which he perceives gradually to efface the stars as the 
morning twilight comes on) prevents them from being seen 
And such is really the case The stars actually continue 
visible through telescopes in the daytime, and, in proper 
tion to the power of the instrument, not only the laigest and 
brightest of them, but even those of inferior lustre, sneb as 
scarcely strike the eye at mght as at all conspicuous, are 
readily found and followed even at noonday — unless in that 
part of the sky which is very near the snn — by those who 
possess the means of pointing a telescope accurately to the 
proper places Indeed, from the bottoms of deep narrow 
pits, such as a well, or the shaft of a mine, such bnght stars 
as pass the ssmth may eren he disceraed by the naked eye, 
and we ha\e ourselves heard it stated by a celebrated opti 
cian, that the earliest circumstance which drew his attention 
to astronomy was the regular appearance, at a certain hour, 
for several succe‘>sive days, of a tonsiderable star, through 
the shaft of a chimney Venus in our climate and even 
Jupiter in the clearer skies of tropical countries are often 
visible, without any artificial aid, to the naked eye of one 
who knows nearly where to look for them During total 
oS the sao, the Xsyj-ges eters she appear ju their 
proper situations 

(62 ) But to return to our incipient astronomer, whom 
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we left contemplating the sphere of the heavens, as com 
pleted m imagination beneath his feet, and as rising up 
from thence in its diurnal course There is one portion 
or segment of this sphere of which he will not thus obtain 
a view As there is a segment toward the north, adjacent 
to the pole above bis horizon, in which the stars never set, 
so there is a corresponding segment, about which tbh 
smaller circles of the more southern stars are described, 
lu which they never rise The stars which border upon the 
extreme circumference of this segment just graze the south 
era point of his horizon, and show themselves for a few 
moments above it, precisely as those near the circumference 
of the northern segment graze his northern horizon, and dip 
for a moment below at, to reappear immediately Eveiy 
point m a spherical surface has of course, another diamet 
tically opposite to it, and as the spectator's horizon divides 
hia sphere into two hemispheres — a superior and inferior — 
there must of necessity exist a depressed pole to the south, 
corresponding to the elevated one to the north, and a por 
tion surrounding it perpetually beneath, as there is another 
surrounding the north pole, perpetually above it 

H a vertex nob a semper subi ms at Uum 

Bub pedibua nox atra ridet maneaque profund ’ — ViROIt 

One pole ridea h gh one pluoged beneatb the main 
Seeka the deep n gUt and Pluto a duakj re gn 

(63 ) To get sight of tins segment, he must travel south 
ward In so doing, a new set of phenomena come forward 
In proportion as he advances to the south, some of those 
constellations which at his original station, barely grazed 
the noTtbero horizon, will bo observed to sink below it and 
set, at first remaining hid only for a very short time, but 
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gradually for a longer part of the twenty-four hours. They 
will continue, however, to circulate about the same point — 
that is, holding the same invariable position tcit/t respect to 
them in the concave of the heavens among the stars; but 
this point itself will become gradually depressed with re- 
spect to the spectator’s horizon. The axis, m short, about 
which the diurnal motion is performed, will appear to have 
become continually less and less inclined to the horizonj 
and by the same degrees as the northern pole is depressed 
the southern will rise, and constellations surrounding it will 
come into view; at first momentarily, but by degrees for 
longer and longer times in each dinrnal revolution — realiz- 
ing, in short, what we have already stated m art, 61. 

(64 ) If he travel continually southward, he will at 
length reach a line on the earth’s surface, called the equa- 
tor, at any point of which, indifferently, if he take up his 
station and recommence his observations, he will find that 
he has both the centres of diurnal motion in his horizon, 
occupying opposite points, the northern pole having been 
depressed, and the southern raised, so that, in tins geo- 
graphical position, the diumal rotation ol the heavens will 
appear to him to be performed about a horizontal axis, 
every star describing half its diurnal circle above and haK 
beneath his horizon, remaining alternately visible for twelve 
hours, and concealed durmg the same interval. In this situ- 
ation, no part of the heavens is concealed from his successive 
view. In a night of twelve hours (supposing such a contin- 
nance of darkness possible at the equator) the whole sphere 
will have passed in* review over him — the whole hemiiphere 
with whix^n he hegnti his TOrght’s tfesffimdtitrei wWi have heen 
earned down beneath him, and the entire opposite one 
brought up from below. 
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(65 ) If he pass the equator^ and travel still further 
southward, the southern pole of the Leavens will become 
elevated above his horizon, and the northern will sink 
below It, and the more, the further he advances south 
vrard, and when arrived at a station as far to the south 
of the equator as that from which he started was to the 
north, he will find the whole phenomena of the heavens 
reversed The stars which at his original station described 
their whole diurnal circles above his horizon and never 
set now describe them entirely below it, and never ftse, 
but remain constantly invisible to him, and vice versd, 
those stars which at his former station he never saw, he 
will now never cease to see 

(66 ) rinally, if instead of advancing southward from 
bis first station, he travel northward he will observe the 
northern pole of the heavens to become more elevated 
above hia horizon and the southern more depressed below 
It In consequence his hemisphere will present a less 
Variety of stars because a greater proportion of the whole 
surface of the heavens remains constantly visible or con 
stantly invisible the circle described by each star, too, 
becomes more nearly parallel to the horizon and, in short 
every appearance leads to suppose that could he travel far 
enough to the north, he would at length attain a point terli 
tally under the northern pole of the heavens, at which none 
of the stars would either rose or set, but each would circu 
late round the honzon in circles parallel to it Many en 
deavors have been made to reach this point, which is called 
the north pole of the earth, but bithertd without success, a 
barrier of almost insurmountable difficulty being presented 
by the increasing ngor of the climate but a very near ap 
proacb to it has been made, and the phenomena of those 
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regions, though not precisely such as we have described as 
what must subsist ai the polo itself, ha^e pro\ cd to be in 
exact correspondence with its near proximity A similar 
remark applies to the south pole of the earth, which, how 
ever, is more unapproachable, or, at least, has been less 
nearly approached, than the north 

(67) Thoabo\eis an account of the phenomena of the 
diurnal motion of the stars, as modified by different geo 
graphical situations, not grounded on any speculation, but 
actually observed and recorded by travellers and voyagers 
It IS however, in complete accordance with the hypothesis 
of a rotation of the earth round a fixed axis In order to 
show this, however, it will be necessary to premise a few 
observations on paTallaeHc motton in general, and on the 
appearances presented by an assemblage of remote objects, 
when viewed from difierent parts of a small and circum 
scribed station 

(68 ) It has been shown (art 16) that a spectator 
in smooth motion, and surrounded by, and forming part 
of, a great system partaking of the same motton, is uncon 
scions of his own movement, and transfers it in idea to 
objects external and unconnected, in n contrary direction, 
those which he leaves behind appeanng to recede from, 
and those which he advances toward to approach, him 
Not only, however, do external objects at rest appear in 
motion generally, with respect to ourselves when we are 
in motion among them but they appear to move one among 
the other — they shift their relative apparent places Let any 
one tra\ellmg rapidly along a highroad fix his eye steadily 
on any object, but at the same time not entirely withdraw 
his attention from the general landscape — he will see, or 
think he sees, the whole landscape thrown into rotation, 
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and moving roimd that object as a centre, all object? be 
t\\ecn )t and appearing to more l<icluard, or the 

contrary waj to Ins own motion, and all beyond it, for 
ward, or in the direction in which ho move? but let him 
withdraw hi? o^o from that object, and /iv li on another 
— a nearer one for instance — immcdiatolj the appearance 
of rotation shifts also, and the apparent centre about which 
this ilJnaivo circulation is performed is trinsferred to the 
new object, which, for the moment, appears to rest This 
apparent change of situation of objects with respect to one 
another, arising from a motion of the spectator, is called 
a parallactic motion To bco the reason of it wo must con 



aider that the position of every object is referred by us to 
the surface of an imaginary sphere of an indefinite radius, 
having our eye for its centre and, as we advance in any 
direction, A B, carrying this imaginary sphere along with 
us the visual rays A P, A Q by which objects are referred 
to Its surface (at c, for instance) shift their positions With 
respect to the line in which we move A B, which serves 
as an axis or line of reference, and assume new positions, 
B P p, B Q j, revolving round their respective objects as 
centres Their intersections therefore, p, q, with our visual 
sphere, will appear to recede on its surface but with differ 
ent degrees of angular velocity la proportion to tketr piwx 
unity, the same distance of advance A B subtending a 
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greater angle, A P B=c P p, at the near object P than 
at the remote one Q 

(69 ) A consequence of the familiar appearance we ha\e 
adduced in illustration of these principles is \\ortb noticing, 
as we shall have occasion to refer to it hereafter We ob 
serve that every object nearer to ua than that on which 
our eye 13 fixed appears to recede, and those further from 
us to advance m relation to one another If then we did 
not know, or could not judge by any other appearances, 
which of two objects were nearer to us, this apparent ad 
vance or recess of one of them, when the eye is kept stead 
ily fixed on the other, would furnish a criterion In a dark 
night, for instance, when all intermediate objects are un 
Been, the apparent relative jnovement of two lights which 
we are assured are themselves fixed will decide as to their 
relative proximities That which seems to ad\ ance with us 
and gam upon the other, or leave it behind it, is the 
furthest from us 

(70 ) The apparent angular motion of an object, arising 
from a change of our point of view, is called in general 
parallax, and it is always expressed by the angle APB 
svhtended at the object P (see fig of art 68) by a line join 
ing the two points of view A B under consideration For 
It IS evident that the difference of angular position of P, 
with respect to the invariable direction A B D, when 
viewed from A and from B, is the difference of the two 
angles D B P and DAP, now, D B P being the exte 
nor angle of the triangle A B P, is equal to the sum of 
the interior and opposite, D B P=D A P+A P B, whence 
BB.P— D AP=AP B 

(71 ) It follows from what has been said that the amount 
of parallactic motion arising from any given change of our 
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point of view ib, catern jinribus, less, ns the distance of an 
object viewed is greater, and ishcn that distance is ox 
trcmcly great in comparison ^^lth the change m our point 
of MOW, tho parallax becomes insensible, or, in other words, 
objects do not appear to vary in situation at all It is on 
this principle, that in alpine regions \jsitcd for tho first 
time we are surprised and confounded at the httle progress 
wo appear to make by a considerable ebango of place An 
hour's walk, for instance, produces but a small parallactio 
change in tho relative situations of tho vast and distant 
mosses which surround us Whether wo walk round acir 
cle of a hundred yards in diameter, or merely turn our 
selves round m its centre, the distant panorama presents 
almost exactly the same aspect — we hardly seem to have 
changed our point of mcw 

(72 ) Whatever notion, in other respects we may form 
of the stars it is quite clear they must be immensely dis 
taut Were it not 8o,*tbo apparent angular intenal between 
any two of them seen overhead would be much greater than 
when seen near the horizon, and the constellations, instead 



of preserving the same appearances and dimensions dunng 
their whole diurnal course, would appear to enlarge as they 
nee higher in the sky, as we see a small cloud in the honzon 
BwelJ into a great oyershadowing canopy when drifted by 
the wind across our zenith, or as may be seen in the above 
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fignre, where a 6, A B, o b, are three different positions of 
the same stars, as they would, if near the earth, he seen 
from a spectator S, under the visual angles n S A S B 
No such change of apparent dimension, howeaer, is ob 
served The nicest measurements of the apparent angular 
distance of any two slars inter se, taken in any parts of their 
diurnal course (after allowing for the unequal effects of re 
fraction, or vi hen taken at such times that this cause of dis 
tortion shall act equally on both) manifest not Vie slightest 
perceptible variation Not only this, but at whateier point 
of the earth s surface the measurement is performed, the 
results are ahsoluiely identical No instruments ever yet 
invented by man are delicate enough to indicate, by an 
increase or diminution of the angle snbtended, that one 
point of the earth 13 nearer to or further from the stars 
than another 

(73 ) The necessary concinsion from this is, that the 
dimensions of the earth, large as it ns, are comparatively 
nothing^ absolutely imperceptible, when compared with the 
interval which separates the stars from the earth If an 
observer walk round a circle not more than a few yards 
in diameter, and from different points in its circumference 
measure with a sextant or other more exact instrument 
adapted for the purpose, the angles P A Q, P B Q, P C Q, 
subtended at those stations by two well defined points in 
his visible horizon, P Q he will at once be advertised, by 
the difference of the results, of his change of distance from 
them arising from his change of place, although that differ 
ence may be so small as to produce no change in their 
general aspect to his unassisted sight This is one of the 
innumerable instances w here accurate measurement obtained 
by mstrumental means places us in a totally different situa. 
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tion jn respect to matters ol fact, and conclusions thence 
dcduciblc, from wlint uo should hold, were wo to rely m 
all cases on the mere judgment of the eye To so great a 
Dicctj have such obscr^attons been carried by the aid of 
an instrument called a theodolite, that a circle oven a few 
inches in diameter maj thus bo rendered sensible, may thus 
bo detected to have n aise, and an ascertainable place, by 
reference to objects distant by fully 100,000 times its own 
dimensions Observations, differing, it is true, somewhat 



ID method, but identical in principle, and e'^ecuted with 
quite ns much exactness, have been applied to the stars, 
and with a result such as has been already stated Henco 
It follows incontrovertihly, that the distance of the stars 
from the earth cannot be so small as 100 000 of the earth’s 
diameters It is, indeed, incomparably greater for we shall 
hereafter find it fully demonstrated that the distance just 
named, immense as it may appear, is yet much underrated 
(74 ) From such a distance, to a spectator with our facul 
ties and furmshed with our instruments, the earth would bo 
imperceptible, and, reciprocally, an object of the earth’s 
size placed at the distance of the stars would be equally 
undiBcermble If therefore, at the point on which a spec- 
tator stands, we draw n plane touching the globe, and pro 
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long it in imagination, till it attain the region of the stars, 
and through the centre of the earth conccii e another plane 
parallel to the former, and coextensive with it, to pass, 
these, although separated throughout their whole extent bj 
the same interval, \iz , a scmidiameter of the earth, will 
yet, on account of the vast distance at which that interaal 
Is seen, be confounded together, and indistinguishable from 
each other in the region of the stars, when iiewed by a 
spectator on the earth The zone they there include will 
be of evanescent breadth to his eye, and will only mark 
out a great circle in the heaiens, one and the same for 
both the stations This great circle, when spoken of as a 
circle of the sphere, is called the cele3ttal hon-on or simply 
the horizon, and the two planes just dcocnbed are also 
spoken of as the senstUe and the rational horizon of the 
observer’s station 

(75 ) From what has been said (art 73) of the distance 
of the stars, it follows, that if we suppose a spectator at 
the centre of the earth to have his view bounded by the 
raltonal horizon, in exactly the same manner as that of a 
corresponding spectator on the surface is by his sensible 
horizon, the two obsenera will see the same stars in the 
same relative situations, each beholding that entire bemi 
sphere of the heavens which is above the celestial horizon, 
corresponding to their common zenith Now so far as 
appearances go it is clearly the same thing whether the 
heavens, that is, all space with its contents, revolve round 
a spectator at rest in the earth's centre, or whether that 
spectator simply turn round in the opposite direction in bis 
place and view them m succession The aspect of the 
hea^eDS, at eiery instant as referred to his horizon (which 
must be supposed to turn with him), will be the same in 
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both soppo^itions And since, os has been shown, Appear 
flnees are also, so /nr os the siors ore concerned, the same to 
ft spectator on the surface ns to one at the centre, it follows 
that, whether wc suppose the heavens to revolve without 
the earth, or the earth within the hca'v ens, tn the opposite 
dtrection, the cliumal phenomena, to all its inhabitants, wiU 
be no way different 

(76 ) The Copernican astronomy adopts the latter as the 
true explanation of these phenomena, atoiding thereby the 
necessity of otherwise rcsornng to the cumbrous mechanism 
of a solid but invisible sphere, to which the stars must be 
supposed attached, xn order that they may be earned round 
the earth without derangement of their relative situations 
inter se Such a contrix ance would, indeed, sufBce to ex 
plain the diurnal revolution of the stars, so as to ‘ save 
oppenrincea , but the movements of the sun and moon, 
ns well ns those of the planets, are incompatible with such 
a supposition, as will appear when we come to treat of these 
bodies On the other hand, that a spherical mass of mod 
erate dimensions (or, rather, when compared with the aur 
rounding and visible universe, of evanescent magnitude), 
held by no tie, and free to move and to revolve should do 
so, in conformity with those general laws which, so far 
as wo know, regulate the motions of all materfal bodies, 

IS so far from being a postulate difficult to be conceded, 
that the wonder would rather be should the fact prove 
otherwise As a postulate, therefore, we shall henceforth 
regard it and as m the progress of our work, analogies 
offer themselves in its support from what we observe of 
other celestial bodies, we shall not fail to point them out 
to the reader s notice 

(77 ) The earth s rotation on its axis so admitted, ex 
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plaining, as it evidently does, tbo apparent motion of the 
Btars in a completel} satisfactory manner, prepares us for 
the further admission of its motion, hodil} , in space, should 
such a motion enable us to explain, in a manner equally 
BO, the apparently complex and enigmatical motions of the 
son, moon, and planets The Coperaican astronomy adopts 
fhis idea in its full extent, ascribing to the earth, in addition 
to its motion of rotation about an axis, also one of translation 
or transference through space, in such a course or orhit, and 
BO regnlated in direction and celerity, as, taken in conjunc 
tion with the motions of the other bodies of the universe, 
shall render a rational account of the appearances they sue 
ce«3ively present — that is to say , an account of which the 
soeml parts, postulates, propositions, deductions, intelli 
gibly cohere, without contradicting each other or the 
natnro of things as concluded from Experience In this 
view of the Copernican doctrine it is rather a geometrical 
conception than i physical theory, inasmuch as it simply 
assumes the requisite motions without attempting to ex 
plain their mechanical ongm or assign them any depen 
dence on physical causes The Newtonian theory of gravi 
tation supphes this deficiency, and, by showing that all the 
motions required by the Copernican conception must and 
that no others can result from a single, intelligible and 
very simple dynamical law, has given a degree of certainty 
to this conception as a matter of fact, which attaches to no 
other Creation of the human mind 

(78 ) To understand this conception m its further de 
velopments, the reader must bear steadily m mind the dis 
tmction between relative and absolute motion Nothing is 
easier to perceive than that, if a spectator at rest view 
a certain number of moving objects, they will group and 
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arrange thomsolvcH to his eyr, at each succc^ivo moment, 
in n very difforent way from what tho}' would do were ho 
in active motion among Ihein— if ho formed ono of them, 
for initanco, nnd joined in their dnncc. This is evident 
from what has been paid before of parallactic motion; but 
it will bo asked, How is puch a epcctator to disentangle 
from each other the two parts of the apparent motions ot 
these external objects — that which arises from the circcl 
of hifl own change of place, and which is therefore only 
apparent (or, as a German metaphysician would say, auft^ec* 
tivi — having reference only to him as perceiving it) — and 
that which is real (or objective — having a positive existence, 
whether perceived hy him or not)? By what rule is be to 
ascertain, from the appearances presented to him while 
himself in motion, what would be the appearances were ho 
at rest? It by no means follows, indeed, that ho would 
even then nt once obtain a clear conception of all the mo- 
tions of all the objects. The appearances so presented to 
him would have still something subj'ective about them. 
They would bo still ajypearances, not geometrical realities. 
They would still have a reference to the point of view, 
which might be very unfavorably situated (as, indeed, is 
the case in our system) for affording a clear notion of the 
real movement of each object No geometrical figure, or 
carve, is seen hy the eye as it is conceived by the mind 
to exist in reality. The laws of perspective interfere and 
alter the apparent directions and foreshorten the dimensions 
of its several parts. It the spectator be unfavorably situ- 
ated, as, for instance, nearly in the plane of the figure (which 
IS the case we have to deal with), they may do so to such aa 
extent,, as to make a considerable effort of imagination nec 
essary to pass from the sensible to the real form. 
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(79 ) Still, prcpantory to thi<< ulumato step, it is first 
necessary tliat the spectator slioulfi free or clear the ap* 
pearances from ibo distarbmg influence of hia own clnngo 
of place And this bo can always do by tbc following 
general rule or proposition 

The refafitc T7iotioM o/ ttco lorhes w M" aame ait/ either of 
(hem trere at rest, ami all its motion communicated to the other 
tn an opposite direction * 

Hence, if two bodies more altbe, they will, when seen 
from each other (without reference to other near bodies, but 
only to the starrj sphere) appear at rest Hence, also, if 
the absolute motions of two bodies be uniform and recttlin 
car, their relatiic motion is so also 

(80 ) Tbc stars are so distant, that as wo have scon it is 
absolutely indiilcrcnt from what point of the earth b surface 
wc view them Their configurations inter ee arc identically 
the same It is otherwise with tho sun moon, and planets, 
which are near enough (especially the moon) to be paral 
laeticallfj displaced by change of station from place to place 
on OQT globe In order that astronomers residing on differ 
ent points ol the earth s surface should be able to comjiare 
their observations with effect it is necessary that they 
should clearly c derstand and take account of this effect 
of the difference of their stations on tho appearance of tho 
outward universe as seen from each As an exterior object 
seen from one would appear to have shifted its place were 


♦ Thh pTOpo»it on is equlral«it to tho followlnir which precisely meets tho 
esse proposed but requires somewhat more thought lor its clear approbens on 
than can perhaps bo expected from a beginner 

Prop — Iwo iodtae AandB l« in moUon indfpeadenBjf of each ether Vie 
motion which B eccn from A wcnld appear to have \J A were at reel is the tame 
with that which it wt^ appear to have A being in motion if in addition to its 
own notion a motion egaai to A e and in the tame direction were eommani- 
eated to it 
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the spectator suddenly transported to tho other, so two 
spectators, viewing it trom the two stations at the same 
instant, do not see it in tho same (hreciion Hcnte arises 
a necessity for the adoption of a conventional centre of ref 
erence, or imagmarj station of observation common to all 
the world, to which each observer, wherever situated, may 
refer (or, ns it is called, r«fiice) his observations, bj calcii 
fating and allowing for tho effect of his local position with 
respect to that common centre (supposing him to possess 
the necessary data) If there were only two observers, m 



fixed stations one might agree to refer his observations to 
the other station, but, as every locality on the globe may 
be a station of observation, it is far more convenient and 
natural to fix upon a point equally related to all, as the 
common point of reference, and this can be no other than 
the centre of tho globe itself The parallactic change of 
apparent place which would arise in an object, conld any 
observer suddenly transport himself to the centre of the 
earth, is evidently the angle 0 S P subtended at the ob 
jeot S by that radius 0 P of the earth which joins its cen 
tre and the place P of observation 
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CHAPTER II 

TcTnlaology nvl Eletafntiry C«o»nelri(al Ccowptloc* aijd Rcla5!on«— Ter 
. fnlnology relallnp to tho Clobo of Ui« Kirth— To tho 

CelestW Fphero— CelMtlal rcmpecilte 

(81.) Sevebal of the terms in n**© among astronomers 
have been explained in the preceding chapter, and otlicra 
used anticipativelj. But the technical language of every 
sahject requires to be formally stated, both for consistency 
of usage and definiteness of conception "We shall there- 
fore proceed, in the first place, to define a number of terms 
in perpetual use, having relation to tho globe of the earth 
and the celestial sphere. 

(82 ) Devinitiok 1, The axis of the earth is that diame- 
ter about which it revolves, with a uniform motion, /rom 
ivest to east; performing one revolution in tho interval which 
elapses between any star leaving a certain point in tho heav 
CM, and ictuTiung to the same point again. 

(83.) Bef. 2 The poles of the earth are the points 
where its axis meets its surface. Tho North Polo is that 
nearest to Europe; the South Polo that moat remote 
from it 

(84.) Def. 8. The earth's equator is a great circle on 
its surface, equidistant from its poles, dividing it into two 
hemispheres — a northern and a southern; in tho midst of 
which are situated the respective poles of tho earth of those 
names. The plane of the equator is, therefore, a plane 
perpendicular to the earth’s axis, and passing through 
its centre. 
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(85.) T)ef. 4, The terrestrial meridian of a station on 
tbo earth’s surface, is a great circie of the globe pissing 
through both poles and through the place. The plane of 
the meridian ia the plane in which that circle lies. 

(8(J.) Def. G. The sensible and the rational horizon of 
any station have been already defined in art. 74. 

(87.) I)ef. 0. A vieridian line is the line of intcrscctioil 
of the plane of the meridian of any station with the plane 
of the sensible horizon, and therefore marks the north and 
south points of the horizon, or the directions in which a 
spectator must set out if ho would travel directly toward 
tbo north or south polo 

(88 ) T>ef, 7. The latitude of a place on the earth’s sur- 
face IS Its angular distance from the equator, measured on 
its own terrestrial meridian: it is reckoned in degrees, min- 
utes, and seconds, from 0 up to C0“, and northward or south- 
ward, according to the hemisphere the place lies in. Thus, 
the observatory at Greenwich is situated in 51“ 28' 40' north 
latitude. This definition of latitude, it will be observed, is 
to be considered as only temporary. A more exact knowl- 
edge of the physical structure and figure of the earth, and 
a better acquaintance with the niceties of astronomy, will 
render some modification of its terms, or a different man- 
ner of considering it, necessary. 

(89.) Def 8 Parallels of latitude are small circles on the 
earth’s surface parallel to the equator. Every point in such 
a circle has the same latitude. Thus, Greenwich is said to 
be situated in the parallel o/51° 28' 40'. 

(90.) Def. 9. The lonfftiude of a place on the earth’s sur- 
face IS the inclination of its meridian to that of some fixed 
station referred to as a point to reckon from. English as 
tronomera and geographers use the observatory at Green. 
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mch for this station, foreigners, the principal obscrvatoncs 
of their respective nations Some geographers ha\c adopted 
the island of Ferro. Hereafter, when we speak of longi* 
tnde, we reckon from Greenwich. The longitude of a placo 
13 , therefore, mcasnred by the arc of the equator intercepted 
between the mendian of the place and that of Greenwich, 
of, which IS the same thing, bj the spherical angle at the 
pole included between these meridians 

(91 ) As latitude is reckoned north or south, so longi 
tude is usually said to be reckoned west or east It would 
add greatly, howeier, to systematic regulanty, and tend 
much to avoid confusion and ambiguitj in computations, 
were this mode ol expression abandoned, and longitudes 
rccLoued invariably uesitiard from their ongin round the 
whole circle from 0 to 360’ Thus, the longitude of Pans 
IS, in common parlance, either 2° 20 22' east, or 357° 39 38' 
west of Greenwich But, in the sense m which we shall 
henceforth use and recommend others to use the term, the 
latter is its proper designation Longitude is also reckoned 
in time at the rate of 24h for 360°, or 16’ per hour In this 
system the fongrtude of Pans is 23h 50m SOH ’ 

(92 ) Knowing the longitude and latitude of a place, it 
may be laid down on an artificial globe, and thus a map of 
the earth may be constructed Maps of particular countries 
are detached portions of this general map, extended into 
planes, or, rather, they are representations on planes of such 
portions, executed according to certain conventional systems 
of rules, called projections, the object of which is either to 


* To d slmguisU minute# *nd Bcconda of t mo from those of angular measuro 
wo shall InvanaWjr adhere to the d #t net system of notat on here adopted f* ' ", 
and h m s ) Great confusion aometimsa anses from tho practice of using the 
saino marks for both. 
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distort as little as possible the outlines of countries from 
what they are on the globe— or to establish easy means of 
ascertaimog, by inspection or graphical measurement, the 
latitudes and longitudes of places which occur in them, 
without leferring to the globe or to books— or for other 
peculiar uses. See Chap. IV. 

(93 ) Def. 10. The Tropics are two parallels of latitude, 
one on the north and the other on the south side of the 
equator, over every point of which, respectively, the sun 
in Its diurnal course passes vertically on the 21st of June 
and the 21st of December in every year. Their latitudes 
are about 23“ 28' respectively, north and south. 

(94 ) Def. 11 The Arctic and Antarctic circles are two 
small circles or parallels of latitude as distant from the 
north and south poles as the tropics are from the equator, 
that is to say, about 23“ 28'; their latitudes, therefore, are 
about 66° 32'. We say about, for the places of these circles 
and o! the tropics are continually shifting on the earth’s 
surface, though with extreme slowness, as will be ex- 
plained m ita proper place, 

(95 ) Def. 12. The sphere of the heavens or of the stars 
18 an imaginary spherical surface of infinite radius, liaving 
the eye of any spectator for its centre, and which may be 
conceived as a ground on which the stars, planets, etc., the 
visible contents of the universe, are seen projected ns in a 
vast picture.* 


* The Ideal "flicre without to which wo refer the places ot ohjocto. imd 
which wo carrj idonp with u* wherever wo go. Is t>o douU foUmatel/ ooiuiocted 
hj asiosbtlioa with, il not enlJrel/ dcpcndejjt on lhat obscure ptrccptlon ol son- 
•ation in the rotma. ol our ojfes ot which even when clexed and nueieltcd wo 
cannot enuroly divest them. Wo have a real spliorlcal surtaco within our oyca, 
thn «e»JtQt wioAWten, asA sv<ton., prilttt. toe point, to tlio estcrnal 

•phero On tUla the liars, etc , are really wapjsHl down, ■» e have lupposed 
tliera 111 tho text to 1)0, «a the hnaginary cooeavo ot Uio hesveua. When the 
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(96 ) Bef 18 Tbe poles ol the celestial sphere are the 
points of that imaginary sphere toward which tho earth’s 
axis IS directed 

(97 ) Def 14 The celestial equator, or, as it la often 
called by astronomers, the equinoctial, is a great circle of 
the celestial sphere, marked oat b) the indefinite extension 
of the plane of tho terrestrial equator 

(98 ) Def 16 The celestial horizon of any place is a 
great circle of the sphere marked out by the indefinite ex 
tension of the plane of any spectator’s senstlle or (which 
comes to the same thing, as will presently be shown), his 
rational horizon, as in the case of the equator 

(99 ) Def 16 The zenith and narftr* of a spectator are 
the two points of the sphere of the heavens, vertically over 
his head, and vertically under his feet or the poles of tho 
celestial horizon, that is to say, points 90“ distant from 
everj point m it 

(100) Def 17 Ferticaf circles of the sphere are great 
circles passing through the zenith and nadir, or great cir 
cles perpendicular to the horizon On these are measured 
the aliiiudes of objects above the horizon — the complements 
to which are their zemth distances 

(101 ) Def 18 The celestial meridian of a spectator is 
the great circle marked out on the sphere by the prolonga 
tion of the plane of his terrestrial meridian If the earth 


\rl ole surface of the ret na la eze ted by I ght, hab ( leads us to associate it 
with the idea of a real surface ox st ug without us Thus we become impressed 
w ll the not on of n »lty and a htaven but tho concave surface ol tho retina 
itself la t1 e tr e seat of all vuSble angular d mens on and angular mot on Tbe 
Bobst tut on of the rthna, lor t! e heavens wo Id bo awkward and loeonven ent 
in lai gUHge b t it may always be mentally made (See Seb Her s pretty on gna 
on ll o eye In h ■» Turandol.) 

* From Arabic words sent vertex and alnadhxT correspond ng or oppos to 
to nad t correspouda evidently to the German meder (down) whence our neOer 
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complement to 00®, therefore, of its zenith distance The 
altitude and azimuth of an object being known, its place 
in the visible heavens is determined 

(105 ) Def 22 The declinnUon of a hea\cnly body is its 
angular distance from the equinoctial or celestial equator, 
or the complement to 00® of its angular distance from the 
ntarest pole which latter distance is called its Polar dts 
tanee Declinations are reckoned plui or mmw according 
as the object is situated in the northern or southern celestial 
hemisphere Polar distances are always reckoned from the 
North Pole, from 0® up to 180® by which all doubt or 
nmbiguity of expression with respect to sign is avoided 
(106 ) Dff 23 Uour circles of the sphere, or circles 
of declination are great circles passing through the poles, 
and of course perpendicular to the equinoctial The hour 
circle, passing through any particular heaicnly body serves 
to refer it to a point in the equinoctial as a vertical circle 
docs to a point in the horizon 

(107 ) Dff 24 The hour angle of a heavenly body is 
the angle at the pole included the hour circle pass 

ing through the body, and the celestial meridian of the 
place of observation We shall always reckon it postUvelj 
from the upper culmination (art 126) westicard or in con 
formity with the apparent dmmal motion completely ronnd 
the circle from 0® to 360® Hour angles, generally, are 
angles included at the pole between different hour circles 
(108 ) Def 2o The right ascension of a heavenly body 
13 the arc of the eqninoctial inclnded between a certain 
point in that circle called the Vernal Equinox, and the 
point in the same circle to which it xs referred by the cir 
cle of declination passing through it Or it is the angle 
included between two hour circles, one of whicb passes 
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rate (since 360“ being ilescribed uniformly m 24 hours, 
15“ must be so described in 1 boar), will express the inter 
val of sidereal time which elapses from the passage of the 
vernal equinox across the mendinn to that of the object 
next subsequent 

(111 ) As n globe or maps may be made of the whole 
or particular regions of the surface of the earth, so also a 
globe, or general map of the heavens, as well as charts of 
particular parts, may be constructed, and tho stars laid 
down m their proper situations relative to each other, and 
to the poles of the heavens and the celestial equator Such 
a representation, once made, will exhibit a true appearance 
of the stars as they present themselves in snccession to 
every spectator on the surface, or as they may bo ton 
ceived to be seen at once by one at the centre of the 
globe It 13, therefore, independent of all geographical 
localities There will occur in such a representation nei 
thcT zenith, nadir, nor horizon —neither east nor west 
points, and although great circles may be drawn on it 
from pole to pole, corresponding to terrestrial mendians, 
they can no longer, in this point of view, be regarded as 
the celestial meridians of fixed points on the earth a aurfaco, 
aince, in the conrse of one diurnal revolution, every point 
in it passes beneath each of them It is on account of this 
change of conception, and with a view to establish a com 
plete distinction between the two branches of Geography 
and Uranography * that astronomers have adopted different 
terms (viz , declination and right ascension) to represent 
those arcs in the heavens which correspond to latitudes 
and longitudes on the earth It is for this reason that 
they term the equator of the heavens the equtnocital, that 


* rn the earth » to deecnfae or represeal, the hearao. 

Abteoioitt— T oU XIX — B 
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what are meridiaQS od the earth are called hour circles ia 
the heavens, and the angles they include between them 
at the poles are called hour angles. All this is convenient 
and intelligible; and bad they been content with this no- 
menclature, DO confusion could ever have arisen. Unluck- 
ily, the early astronomers have employed also the words 
latitnde and longitude in their uranography, in epeakidg 
of arcs of circles not corresponding to those meant by the 
same words on the earth, but having reference to the mo- 
tion of the snn and planets among the stars. It is now too 
late to remedy this confusion, which is ingrafted into every 
existing work on astronomy : we can only regret, and warn 
the reader of it, that he may be on his guard when, at a 
more advanced period of our work, we shall have occasion 
to dcllno and use the terms in thcir eeleslial sense, at the same 
time urgently recommending to future enters the adoption 
of others in their places. 

(112.) It remains to illustrate these dweriptions by refer- 
ence to a Qgurc. Let C bo the centre of the earth, K 0 S its 



; th<“n *re N and S it.< poles; E Q its egvahr; A E the 
'rallet of Uuiudo of the station A on iu eurfxice; A P par- 
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allol to S 0 N, the direction in which nn observer nt A will 
see the elevated pole of the heavens; and A Z, the prolon- 
gation of the terrestrial radius C A, that of his zenith. 
N A E S will be his meridian; N G S that of some fixed 
station, ns Greenwich; and G E, or, the spherical angle 
G N E, his longitude, and E A his latitude. Moreover, if 
7l s be a plane touching the surface in A, this will be his 
sensible horizon; n As marked on that plane by its inter 
section with his meridian will be his meridian line, and 
n and s the north and soutli points of his horizon. 

(113.) Again, neglecting the size of the earth, or con- 
ceiving him stationed at its centre, and referring every 
thing to his rational horizon; let the annexed figure rep- 
resent the sphere of the heavens, C the spectator; Z his 
zenith; and N his nadir: then will H A O, a great otrole 
of the sphere, whose poles are Z N, be his celestial hori^ 



son, P p the elevated and depressed POLES of the heavens; 
II P the altitude of the pole, and II P Z E 0 his nierid- 
lan; E T Q, a great circle perpendicular to P p, will bo 
the and if T reprc'^ent the equinox, T T will 

be the right ascension, T S tlio ffeehaafion, and P S the 
jKjfar rfisfdMce of any star or object S, roCerred to the cqui- 
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noctial bj the hour circle P S T jd, and BSD Will be 
the diurnal circle it will appear to describe about the pole 
Again, if we refer it to the horizon by the vertical circle 
21 S M, O il will be its azimuth, il S its altitude, and Z S 
Its zenith distance H and 0 are the north and south, e to 
the east and west points of his horizon, or of the heavens 
Moreover, if H. A, O o, be small circles, or parallels of dech 
notion, touching the horizon in its north and south points, 
H h wiU be the circle of perpetual apparition^ between 
which and the elevated pole the stars never set, O o that 
of perpetual occultation, between which and the depressed 
pole they never rise In all the zone of the heavens bo 
tweeu H h and O o they rise and set, any one of them, 
as S, remaimog above the horizon in that part of its diurnal 
circle represented by o B A, and below it throughout all 
the part represented by A D a It will exercise the reader 
to construct this figure for several different elevations of the 
pohy and for a variety of positions of the star S in each 
(114 ) Celestial perspective is that branch of the general 
science of perspective which teaches us to conclude from 
a knowledge of the real situation and forms of objects, 
lines, angles, motions, etc , with respect to the spectator, 
their apparent aspects, as seen by him projected on the 
imaginary concave of the heavens, and, xice versd, from 
the apparent configurations and movements of objects so 
seen projected, to conclude, so far as they can bo thence 
concluded, their real geometrical relations to each other 
and to the spectator It agrees with ordinary perspective 
when only a small Msual area is contemplated, because the 
concave ground of the celestial sphere, for a small extent 
may be regarded as a jilano sur/ace, on which objects are 

ap<>n nmtM>lorl nr na in I'ornmnn ncraliectl^ L But 
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when large amplitudes of the visual area are considered, or 
when the whole contents of space are regarded ns projected 
on the whole interior surface of the sphere, it becomes 
iiecc3‘>ary to use a different phraseology, and to resort to 
a different form of conception In common perspective 
there is a single "point of sight, or “centre of the pie 
tore the visual line from the eye to which is perpen 
dicular to the ‘ plane of the picture," and all straight lines 
are represented by straight lines In celestial perspective, 
every point to which the view is for the moment directed, 

13 equally entitled to be considered as the ‘centre of the 
picture ' every portion of the surface of the sphere being 
similarly related to the eye Moreover every straight lino 
(supposed to bo indefinitely prolonged) is projected into 
a semicircle of the sphere that namely in which a piano 
pa«sing through the Ime and the eye cuts its surface And 
every system of parallel straight lines in whatever direc 
tion, 13 projected into a system of semicircles of the sphere, 
meeting m two common apexes or vanishing points dia 
metrically opposite to each other one of which corresponds 
to the vanishing point of parallels in ordinary perspective, 
the other m such perspective has no existence In other 
words, ever^ point in the sphere to which the eye is directed 
may be regarded as one of the vanishing points or one 
apex of a system of straight lines parallel to that radius i 
of the sphere which passes through it or to the direction '/ 
of the line of sight seen in perspective from the earth 
and the point diametrically opposite or that from which \ 
he 18 looking as the other And any great circle of the A 
sphere may similarly bo regarded as the ta ifsftany ctrefe of 
a system of phnes parallel to its own 

(115 ) A familiar illastration of this is often to be had 
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by attending to the lioea of hght Been in the air, when 
the sun’s rays are darted through apertures in clouds, 
the sun itself being at the time obscured behind them 
These lines which, marking the course of rays emanating 
from a point almost infinitely distant, are to be considered 
as parallel straight lines, are thrown into great circles of 
the sphere, having two apcx:e3 or points of common inteh* 
section — one in the place where the sun itself (if not ob- 
scured) would be seen, the other diametrically opposite. 
The first only is moat commonly suggested when the spec 
tator’s view is toward the sun. But in mountainous conn 
tries, the phenomenon of sunbeams converging toward 
a point diametrically opposite to the sun, and as much 
depressed below the horizon aa the sun la elevated above 
it, IS not infrequently noticed, the back of the spectator 
being turned to the sun's place Occasionally, but much 
more rarely, the whole course of such a system of sun 
beams, stretching in eemicircles across the hemisphere 
from horizon to horizon (the sun being near setting), may 
be seen * Thus again, the streamers of the Aurora Borealis, 
which are donbileBS electrical rays, parallel, or nearly paial 
lei to each other, and to the dipping needle, usually appear 
to diverge from the point toward which the needle, freely 
suspended, would dip northward (t e about 70“ below the 


* It Is la such cases only thst ipe conceive them as circles the ordinary 
coaTeDhons of plane perspective becoming untenable The author bad the good 
fortune to witness on one occasion the pltenomenoa deaenbed In the text under 
circumaUncea of more than usual giandeur Approacfifng Lyons from the south 
on September 30, 1826 about 6i h. P M the sun was seen nearly setting bo 
hind broken masees of stormy ctoi d from whose apertures streamed forth 
beams of roBe-coloredl ght traceable all across the beitusphero almost to their 
oppos te point of conrerperjco behiod the snowy prec p ce« of Host BJiuk^ con 
spicuously visible at nearly 100 miles to the eastward The Impression pro- 
duced was that of another but feebler bud abo it to rise from bobind the 
mountain and darting forth precursory beams to meet those of the real one 
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horizon and 23” ‘(vest of north from London), and in their 
upward progress pursue the course of great circles till they 
again converge (m appedrance) toward the point diaraetri' 
cally opposite (».e. 70® above the horizon and 23® to the 
eastward of Booth), forming a sort of canopy overhead, 
having that point for its centre. So also in the pbcnom* 
cnon of shooting stars, the lines of direction which they 
appear to take on certain remarkable occasions of periodical 
recurrence, are -observed, if prolonged backward, apparently 
to meet nearly in one point of the sphere; a certain indica 
tion of a general near approach to parallelism in the real 
directions of their motions on those occasions. On which 
subject more hereafter, 

(116 ) In relation to this idea of celestial perspective, 
we may conceive the north and south poles of the sphere 
as the two vanishing points of a system of lines parallel to 
the axis of the earth; and the zemth and nadir of those 
of a system of perpendiculars to its surface at the place of 
observation, etc. It will be shown that the direction of a 
plumb line at every place is perpendicular to the surface 
of still water at that place, which is the true horizon, and 
thongh mathematically speaking no two plumb lines are 
exactly parallel (since they converge to the earth’s centre), 
yet over very small tracts, such as the area of a building 
— m one and the same town, etc , the difference from 
exact parallelism is so small that it may be practically 
disregarded.* To a spectator looking upward such a system 
of plumb lines will appear to con\erge to his zenith, down 
ward, to his nadir 


* JU» intertsl of • mile corresponds to « conTergence of plumb lines amount 
ing to somewhat less space than a samute. 
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(117r) So also the celestial equator, or the eqcinoctuil, 
must be ooufeived aa the vamshiug cirolo of a aj^stem of 
plaoes parallel to the earth e equator, or perpendicular to 
its axis The celestial horizon of any spectator la in like 
manner the vanishing circle of all planea parallel to hia 
true horizon, of which phnes his rati<yml horizon (passing 
through the earth s centre) la one, and his sensible honzon 
(the tangent plane of hia station) another 

(118 ) Owing however, to the absence of all the ordinary 
indtcations of distance which inSuence our judgment in re 
spect of terrestrial objects owing to the want of determinate 
figure and magnitude m the stars and planets as commonly 
seen — the projection of the celestial bodies on the ground 
of the heavenly concave is not usually regarded in this its 
true light of a perspective representation vr ptelure and it 
even requires an effort of imagination to conceive them 
in their true relations aa at vastly different distances one 
behind the other, and forming with one another lines of 
junction violently foreshortened and including angles alto 
gether differing from those which their projected represen 
tatioQB appear to make To do so at all with effect preaup 
poses a knowledge of their actual situations in space which 
It 13 the business of astronomy to arrive at fay appropnato 
considerations But the connections which subsist among 
the several parts of the picture the purely geometrical rela 
tions among the angles and sides of the sphencal triangles 
of which it consists constitute under the name of TJranom 
etry ’ a preliminary and subordinate branch of the general 
science with which it is necessary to be familiar before any 
farther progress can be made. Some of the most elementary 


1 Ovps •, the heavens ^ lo measure the mess uemcQl ot the heavens. 
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and freqncntljjr occurrnig of tbcac relations we proceed to 
explain And Grst, as immediate consequences of tbo aboto 
dcbnitions, the following propositions will bo borno in mind 
(119 ) 37ie altitude of the elevated pole ts equal to the lati 
tude of the spectator's geographical station 

For it appears, seo Jig art 112, that tbo angle P A Z 
'between the pole and tbo zonitb is equal to N C A, and 
the angles Z A n and K C £ being ngbt angles, we have 
P A n=A C E Now tbo former of these is the elevation 
of the pole os seen from E, the latter is the angle at tbo 
earth's centre subtended by the arc E A, or the latitude 
of the place 

(120 ) Hence to a spectator at the north pole of the 
ea'tb, the north pole of tbo heavens is m bis zenith As 
he travels southward rt becomes less and less elevated t ll 
he reaches the equator, when both polos are in his horizon — • 
south of the equator the north pole becomes depressed bo 
low, while the south rises above his horizon and continues 
to do so till the south pole of the globe is reached, when 
that of the heavens will be in the zenith 

(121 ) The same stars in thew diurnal revolution, come 
to the meridian successively., of every place on the globe 
once in twenty four sidereal hours And since the diurnal 
rotation is uniform, the interval in sidereal time which 
elapses between the same star coming upon the meridians 
of two different places is measured by the difference of 
longitudes of the places 

(122 ) Vice xersQ , — the interval elapsing between two 

different stars coming on the meridian of one and the same 
pdjMf Av Avda’ewJ Aissi?, .w joAasuw? Ahy 

difference of right ascensions of the stars 

(12S ) The equinoctial intersects the horizon in the east 
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and west points, and the meridian m a point whose altitucte 
13 equal to the co latitude of the place Thus, at Green- 
wich, of which the latitude is 61® 28' 40', the altitude of 
the intersection of the equinoctial and meridian is 88® 81' 
20' The north and south poles of the heavens are tho 
poles of the equinoctial The east and west points of tho 
horizon of a spectator are tho poles of his celestial mend* 
lan The north and south points of his horizon are the 
poles of his prime vertical, and his zenith and nadir ore 
the poles of his horizon 

(124 ) AH the heavenlj bodies culminate (i e come to 
their greatest altitudes) on the meridian, which is, there- 
fore, the best Bituation to observe them, being least con 
fused bjr the inequalities and vapors of the atmosphere, as 
well as least displaced by refraction 

(126 ) All celestial objects within the circle of perpetual 
apparition come twice on the meri^an, above tho horizon, 
in every diurnal revolution, once above and once lehw the 
pole These are called their upper and lower culminations 

(126 ) The problems of uranometry, as we have described 
It, consist in the solution of a variety of spherical triangles, 
both right and oblique angled, according to the rules and 
by the formulffi of spherical trigonometry, which we suppose 
lw.nown to the reader, or for which he will consult appro 
pnate treatises We shall onlv here observe generally, that 
in all problems in which spherical geometry is concerned, 
the student will find it a useful practical masim rather to 
consider the poles of the great circles which the question 
before him refers to than the circles themselves To use, 
for csample, in the relations he has tt> consider, polar dis 
tances rather than decimations, zenith distances rather than 
altitude*?, etc Bearing this in mind, there are few prob 
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lems m uranometry nhtch will offer any difficulty The 
following are the combinations which most commonly 
occur for solution uhcn the place of one c^esUal object onfy 
on the sphere is concerned 

(127 ) In the triangle Z P S, Z is the zenith, P the cle 
vated pole, and S the star, sun, or other celestial object 
*In this triangle occur, Ist, P Z, which being the comple 
ment of P II (the altitude of the pole), is obviously the 
complement of the latitude (or the co latitude, as it is called) 
of the place, 2d, P S, theyiofar distance, or the complement 
of the declination (co declination) of the star, 3d, Z S, the 
zenith distance or co altitude of the star If P S be greater 
than 90®, the object is situated on the side of the equinoctial 
opposite to that of the ele\ated pole If Z S be so, the 
object IS below the horizon 

In the same triangle the angles are, Ist, Z P S the hour 
angle, 2d, P Z S (the supplement of S Z O, which latter is 
the azimuth of the star or other heavenly body), Sd, P S Z, 
an angle which, from the infrequency of any practical refer 
ence to it, has not acquired a name ' 

The following five astronomical magnitudes, then, occur 
among the sides and angles of this most useful triangle 
VIZ, Ist, the CO latitude of the place of observation, 2d, 
the polar distance, 3d, the zenith distance, 4th, the hour 
angle, and 6th, the sub azimuth (supplement of azimuth) 
of a given celestial object, and by its solution, therefore 
may all problems be resolved, in which three of these 
magnitudes are directly or indirectly given, and the other 
two required to be found 

• In Ihe pr»ct cal discussion of the tneasores of double star* and other 
©bJecU by the aid of the position micromotor tl la angle a somei mes required 
to be Imowo and when *o requ red it will be not ineonTeniently raferred to aa 
“the angle of position of the zenith. 
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(128 ) Fox example, siippoae the time o! rising or setting 
ot the Bun or of a star \rorc required, having given its nght 
ascension and polar distance The star rises when appor 
ently on the horizon, or really about 81 bolow it (owing to 
refraetjon) so that, at tho moment of its apparent rising, 
its zenith distance is 90® 84 = Z S Its polar distance P S 


n 7 



being also given and the co latitude Z P of the place we 
have given the three sides of the triangle to find the hour 
angle Z P S which, being known is to be added to or sub 
traded from the star s right ascension to give the sidereal 
time of setting or rising which if we please may be con 
verted into solar time by the proper rules and tables 
(129 ) As another example of the use of the same tnan 
gle we may propose to find the local sidereal time and the 
latitude of the place of observation by observing equal 
altitudes of the same star east and west of the meridian, and 
noting the interval of the observations m sidereal time 
The hour angles corresponding to equal altitudes of a 
fixed star being equal the hour angle east or west will be 
measured by half the observed interval of the observations 
In out triangle then we have given this hour angle Z P S 
the polar distance P S of the star and Z S its co altitude at 
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the moment of observation Hence wo maj find P Z, the 
CO latitude of the place Moreover, the hour angle of the 
star being known, and also its right ascension, the point of 
the equinoctial is known, which is on the mendian at the 
moment of observation, and, therefore, the local sidereal 
time at that moment This is a \ erj useful observation for 
determining the latitude and time at an unknown station 


CHAPTER ni' 

Of the Nsttm of Astronomical Instnunents and Obserratians m General 
— Of S dereal and Solar Time — Of the Ueaanrementa of Time— 
ClOvka Chronomotera — Of Aatronomical hleaaurcmonta — Pnndplo of 
Telescopic S ghta to Increase the Accuracy of Pointing — Simplest 
Application of this Pnnciplo — The Transit Instrument — Of the Meaa 
urement of Angular Intervals — Methods of Increasing the Accuracy of 
Reading — The Vernier — The Microscope — Of the Moral Circle— The 
Mend an Circle — Fixat on of Polar and Horizontal Points — The Level 
Plnxab line ArtfCc al Honzon — Pr ncipla of Collunauon — Coll mators 
of Rittenhouse Eater and Bohaenberger — Of Compound Inetrumcnts 
with Co-ordinato Circles — Ihe Equatorial Alt tude and Az muth In 
strum ent — Thcodol to — Of the Sextant and Reflecting Circle — Prmc pie 
of Repot Uon — Of M'erometers — Parallel Wire Micrometer — Prmc pie 
of the Duplication of Images— The Hel ometer— Double Refracting 
Ejopece — Variable Pnetn Micrometer — Of the Fos tion M crometer 
— Ilium I not on of Wires — Solar Telescope and Eye p ece— Helioscopy 
— CoUimat on of largo Reflectors 

(180 ) Our first chapters have been devoted to the ao 
quisition chiefly of preliminary notions respecting the globe 
we inhabit its relation to the celestial objects which snr 
roand it, and the physical circumstances under which all 

' The student who is anx ous to become ocqu i nted w th lbs ch et subject 
ibis >w\<dr zniy> i1rsfrirl.lt? rsaitiy of AhAr yariof Hus idu^rtr w’.bw.b 
IS devoted to the description of p.'trticular in strn meats, or content himself with 
a cursory perusal of it, unul further advanced when it will bo necessary to 
zeturn to it 
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astronomical observations must be made, as well as to pro 
vide ourselves with a stock of technical words and elemen 
tary ideas of most frequent and familiar use in the sequel 
We might now proceed to a more exact and detailed state 
ment of the facts and theories of astronomy, but, in order 
to do this with full effect, it will be desirable that the reader 
he made acquainted with the principal means which astroflo 
mers possess, of determining, with the degree of nicety their 
theories require, the data on which they ground their con 
elusions m other words, of ascertaining by measurement 
the apparent and real magmtudes with whieh they are con 
versant It is only when in possession of this knowledge 
that he can fully appreciate qither the truth of the theories 
themselves, or the degree of rehrnce to be placed on any of 
their conclusions antecedent to tna^ since it is only by 
knowing what amount of error can certainly be perceived 
and distinctly measured, that he can satisfy himself whether 
any theory offers so close an approximation, in its numer 
ical results, to actual phenomena as will justify him in re 
ceiving it as a true representation of nature 

(X31 ) Astronomical instrument making may bo justly 
regarded as the most refined of the mechanical arts, and 
that in which the nearest approach to geometrical precision 
13 required, and has been attained It may be thought an 
easy thing by one unacquainted with the niceties required, 
to torn a circle in metal, to divide its circumference into 3(>0 
equal parts and these again into smaller subdtiisions — lo 
place it accurately on its centre, and to adjust it m agiien 
position, but practically it is found to bo one of the most 
difficult Nor will this appear extraordinary, when it is 
considered that owing to the application of telescopes to 
the purposes of angufar measurement, every intpcefecttoa 
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of Structure or tliMsion becomes nngtnfieil b> the whole 
optical power of that inatruraeot, and that thus, not onlj 
direct errors of workmanship, arising from unsteadiness of > 
hand or imperfection of tool«, but those inaccuracies which 
originate in far more uncontrollable cau«e'', sucli as the 
unequal expansion and contraction of metallic masses bj a 
change of temperature, and their unavoidable flexure or 
bending bj their own weight, become perceptible and 
measurable An angle of one minute occupies, on the cir- 
cumference of a circle of 10 inches m radins, only about 
ihth part of an inch, a quantity too small to be ceriatnltf 
dealt with without the use of magnifying glasses, jet one 
minute is a gross quantity in the astronomical measurement 
of an angle IVith the instruments now employed in ob 
Bcrvatones, a single second or the 60th part of a minute, is 
rendered a distinctly visible and appreciable quantity Now 
the arc of a circle, subtended by one secona, is less than the 
200,000th part of the radios, so that on a circle of 6 feet in 
diameter it would occupy no greater linear extent than TArth 
part of an inch, a quantity requiring a powerful microscope 
to he discern fd at aJl iet any one 3gure to biinseU, there 
fore, the difficulty of placing on the circumference of a me 
tallic circle of such dimensions (supposing the difficulty of 
Its construction surmounted) 860 marks, dots, or cognizable 
diMSiona, which shall all be true to their places within such 
narrow limits, to say nothing of the subdivision of the de 
grees so marked off into minutes, and of these agam into 
seconds Such a work has probably baffied, and will proba 
blj forever continue to baffle, the utmost stretch of human 
skill and industry , not, if executed, could it endure The 
ever \ arying fluctuations of heat and cold have a tendency 
to produce not merely temporary and transient, but per 
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manent, uncompeasated changes of form in all considerable 
masses of those metals which alone are applicable to such 
uses, and their own weight, however symmetrically formed, 
must always be unequally sustained, since it is impossible 
to apply the sustaining power to every part separately even 
could this bo done, at all e\ ents force must be used to move 
and to fix them, which can never be done without prodoc 
mg temporary and nsking permanent change of form It is 
true, by dividing them on their centres, and in the identical 
places they are destined to occupy, and by a thousand in 
genions and delicate contrivances, wonders have been ac 
complished in this department of art, and a degree of per 
fection has been given, not merely to ckefs d oeuvre, but to 
instnimeata of moderate prices and dimensions, and in or 
dinary use, which, on due consideration, must appear very 
surprising But though we are entitled to look for wonders 
at the hands of scientific artists, we are not to expect miru 
cles The demands of the astronomer will always surpass 
the power of the artist, and it must, therefore, be constantly 
the aim of the former to make himself, as far as possible, 
ludependent of the imperfections incident to every work the 
latter can place in his hands He must, therefore, endeavor 
BO to combine his observations, so to choose his opportum 
ties, and bo to familiarize himself with all the causes which 
may produce instrumental derangement, and with all the 
peculiarities of structure and materia] of each instrument 
he possesses, as not to allow himself to be misled by tbeir 
errors, but to extract from their indications, as far ns possible, 
all that la true, and reject all that is erroneous It is in this 
that the art of the practical astronomer consists — an art of 
Itself of a cnnoQs and intricate nature, and of which wc can 
here only notice some of.tbo leading and general features. 
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(182 ) The great mm of the practical astronomer being 
numerical correctness in the results of instrumental meas 
urement, his constant care and Mgihnco must be directed 
to the detection and compensation of errors, either by anni 
hilating, or by taking accoant of, and allowing for them 
Kow, if we examine the sources from Vrhich errors may 
arise in any instrumental determination, we shall find them 
chief!} reducible to three principal heads — 

(133 ) Ist, External or incidental causes of error, com* 
prebending thoac which depend on external, uncontrollable 
circumstances such as, fluctuations of weather, which dis 
turb the amount of refraction from its tabulated value, and, 
being reducible to no fixed law, induce uncertainty to the 
extent of their own possible magnitude, such as, by vary- 
ing the temperature of the air, vary also the form and post 
tion of the instruments used, by altering the relative raag 
uitudes and the tension of their parts, and others of the like 
nature 

(134 ) 2dlj , Errors of observation such as arise, for 
example, from inexpcrtness, defective vision, slowness m 
seizing the exact tiislant of occurrence of a phenomenon, or 
precipitancy m anticipating it, etc , from atmospheric indis 
tinctness, insufficient optical power in the instrument, and 
the like Under this head may also be classed all errors 
arising from momentary instrumental derangement — slips 
in clamping, looseness of screws, etc 

(135 ) 8dly The third, and by far the most numerous 
class of errors to which astronomical measurements are 
liable, arise from causes which may be deemed instrumen 
tal, and which may be subdivided into two principal classes 
The first comprehends those which arise from an instrument 
not being what it professes to be, which is error of toorl,man 
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ship Thus, if a pi\ ot or axis, instead of being, as it ought, 
exactly cylindrical, be slightly flattened, or elliptical — if it 
be not exactly (as it is intended it should be) concentric with 
the circle it carries, — if this circle (so called) be in reality 
^ot exactly circular, or not in one plane, — if its divisions, 
intended to be precisely equidistant, should be placed in 
reality at unequal intervals — and a hundred other things *f 
the same sort These are not mere speculative sources of 
error, but practical annoyances, which every observer has 
to contend with 

(136 ) The other subdivision of instrumental errors com 
prebends such as arise from an instrument not being placed 
in the position it ought to have, and from those of its parts, 
which are made purposely movable, not being properly dis 
posed inter se. These are errors of adjustment Some are 
unavoidable, as they arise from a general unsteadiness of 
the soil ot building m which the instruments are placed, 
which, though too minute to be noticed in any other way, 
become appreciable in delicate astronomical observations 
others, again, are consequences of imperfect worlmanship, 
as where an instrument once well adjusted will not remain 
so, but keeps deviating and shifting But the most impor 
tant of this class of errors arise from the non existence of 
natural indications, other than those a^orded by astroDotni 
cal observations themselves whether an instrument has or 
has not the exact position, with respect to the horizon and 
Its cardinal points, the axis of the earth, or to other prm 
cipal astronomical lines and circles, which it ought to have 
to fulfil properly its objects 

(187 ) Kow, with respect to the first two classes of error, 
it must bo observed, that, in so far as they cannot be re 
duced to known laws, and thereby oecome subjects of cal 
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calation and due allowance, they nctnallj vitiate, to their 
full extent, the resulte of any observations in which they 
subsist Being, however, in their nature casual and acci 
dental, their effects necessarily he sometimes one way, 
sometimes the other, sometimes diminishing, sometimes 
tending to increase the results Hence, by greatly multi 
plying observations, under varied circumstances, by avoid 
ing unfavorable, and taking advantage of favorable cir 
curastances of weather, or otherwise using opportunity to 
advantage — and finally, by taking the mean or average of 
the results obtained, this class of errors may be so far aub 
dtted by setting them to destroy one another, as no longer 
sensibly to vitiate any theoretical or practical conclusion 
This IS the great and indeed only resource against such 
errors, not merely to the astronomer, but to the investi 
gator of numerical results in every department of physical 
research 

(138 ) With regard to errors of adjustment and work 
tnanskip not only the poss^b^llt^/ but the certainty of their 
existence, in every imaginable form in all instruments, 
must b© coDtesaphited Samsa hands ©r zaacbines serer 
formed a circle, drew a straight line or erected a perpen 
dicular, nor ever placed an instrument m perfect adjust 
ment, unless accidentally and then only during an instant 
of time This does not prevent however, that a great ap 
proximation to all these desiderata should be attained But 
it 13 the peculianty of astronomical observation to be the 
ultimate means of detection of all mechanical defects whifch 
elude by their minuteness every other mode of detection 
What the eye cannot discern nor the touch perceive^ a 
course of a<»tronomical observations will make distinctly 
evident The imperfect products of man’s hands are here 
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tested by being brought into comparison under \ery great 
magnifying powers (corresponding in effect to a great in 
crease in acuteness of perception) with the perfect work 
manship of nature, and there is npne which will bear the 
trial Now, It may seem like argUicg in a vicious circle to 
d.educe theoretical conclusions and laws from observation, 
and then to turn round upon the instruments with which 
those observations were made accuse them of imperfection, 
and attempt to detect and rectify their errors by means of 
the very laws and theories which they hai e helped ns to 
a knowledge of A little consideration, however, will suf 
flee to show that such a course of proceeding is perfectly 
legitimate 

(139 ) The steps by which we arrive it the laws of 
natural phenomena and especially those which depend for 
their verification on numencal determinations are neeessa 
rily successive Gross results and palpable laws are arrived 
at by rude observation with coarse instruments, or without 
any instruments at all, and are expressed in language which 
IS not to be considered as absolute, but is to be interpreted 
with a degree of latitude commensurate to the imperfection 
of the observations themselves These results are corrected 
and refined by nicer scrutinj , and with more delicate meins 
The first rude expressions of the laws which embody them 
are perceived to be inexact. The language used in their 
expression is corrected its terms more rigidly defined, or 
fresh terms introduced until the new state of language and 
terminology is brought to fit the improved state of 1 nowl 
edge of facts In the progre«ts of «his scrutiny subordinate 
laws are brought into view which still further modify, both 
the verbal statement and numerical results of those which 
first offered themselves to our notice, and when these are 
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traced out and reduced to certainty, others, again, subordt 
natc to them, make their appearance, and become subjects 
of further inquiry Now, it invariably happens (ami the 
reason is evident) that the first glimpse we catch of such 
subordinate laws — the first form in which they are dimly 
shadowed out to our minds — is that of errors We per 
cUive a discordance between what we expect, and what wo 
Jind The first occurrence of such a discordance we attnb 
ute to accident. It happens again and again , and we begin 
to suspect our instruments We then inquire, to what 
amount of error their determinations can, by possibility, bo 
liable If their Itmii of possible error exceed the observed 
deviation, we at once condemn the instrument, and set 
abont improving its construction or adjustments Still the 
same deviations occur, and, so far from being palliated, 
are more marked and better defined than before We are 
now sure that we are on the traces of a law of nature, and 
we pursue it till we have reduced it to a definite state 
ment, and verified it by repeated observation, under eveiy 
variety of circumstances 

(140 ) Now, in the course of this inquiry, it will not fail 
to happen that other discordances will strike ns Taught 
by expenence, we suspect the existence of some natural 
law, before unknown, we tabulate (i e draw out in order) 
the results of our observations, and we perceive, in this 
synoptic statement of them, distinct indications of a regular 
progression Again we improve or vary our instruments, 
and we now lose sight of this supposed new law of nature 
altogether, or find it replaced by some other, of a totally 
different character Thus we are led to suspect an instru 
mental cause for what we have noticed We examine, 
therefore, the theory of our instrument, we suppose defects 
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in its gtructure and, by tbe aid of geometry, xpe trace tbeir 
influence in introducing actual errors into its indications 
These errors have their laws which, so long os we have 
no 1 nowledge of causes to guide us, may be confounded 
with laws of nature as they are mixed up with them in 
their effects They are not fortuitous like errors of obser 
vntion, but as they arise from sources inherent in the ki 
strument and unchangeable while it and its adjustments 
remain unchanged, they are reducible to fixed and ascer 
tamable forms each particular defect, whether of structure 
or adjustment, producing its own appropriate form of error 
When these are thoroughly investigated, we recognize 
among them one which coincides m its nature and pro 
gressioti with that of our observed discordances The 
mystery is at once solved We have detected, by direct 
observation, an instrumental defect 

< 141 ) It is therefore a chief requisite for the practical 
astroi omer to make himself completely fimihar with the 
theory of his instruments By this alone is he enabled at 
once to decide what effect on his observations any given 
imperfection of structure or adjustment will produce in any 
given circumstances under which an observation can bo 
made This alone also can place him in a condition to derive 
available and practical meins of destroying and eliminating 
altogether the innuenco of e loh imperfections by so arrang 
ing his observations tliat it stnl! affect their results in op 
po-Jite ways and that its mfluenoo shall thus disappear 
from their mean which u one of the chief modes by which 
precision is attained in practical astronomy Suppose, for 
example, the principle of an instrument require 1 that a 
circle should lie concentric with the axis on wh ch it is 
made to turn As this is a condition which no workman 
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ship can exactly fulfill, U becomes necessary to inquire \7hat 
errors will be produced in observations made and registered 
on tbe faith of such an instrument, by any assigned dctia 
tionin this respect, that is to say, what would bo thodisa 
greement between observations made with it and with one 
absolutely perfect, could such be obtained Now, simple 
gtometneal considerations suffice to show — Ist, that if the 
axis be excentnc by a given fraction (say one thousandth 
pan) of the radius of the circle, all angles read off on that 
part of the circle toward which the excentncity lies, will 
appear by tha^ fractional amount too small, and all on the 
opposite side too large And, 2dly, that tohatever he the 
amount of the excentncity, and on whatever part of the cir 
cle any proposedTtngle is measured, tbe effect of the error 
in question on the result of observ ations depending on the 
graduation of its circumference (or limb, as it is technically 
called) will be completely annihilated by the very easy 
method of always reading off the divisions on two diamet 
rically opposite points of the circle, and taking a mean, for 
the effect of excentncity is always to increase the arc repre 
sent 2 Dg tbe eagle jd qaestioa oa ooe side ol tbe eirele, hy 
just the same quantity by which it dtmmishes that on the 
other Again suppose that the proper use of the instra 
ment required that this axis should be exactly parallel 
to that of the earth As it never can bo placed or remain 
so, it becomes a question, what amount of error will anse, 
in its use, from any assigned deviation, whether in a hon 
zontal or vertical plane, from this precise position Snch 
inqnines constitute the theory of instrumental errors a the 
ory of the utmost importance to practice, and one of which 
a complete knowledge will enable an observer, with moder 
ate instrumental means, often to attain a degree of precision 
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winch might eocni to belong onlj- to the most refined and 
costly^ Thm theory, as will rintlily bo a|)])reljcndcd, turns 
almost entirely on con <iitlemtions of pure geometry, and 
tho-io /or the 010*11 part not (hfllcult In the present work, 
however, wo hnvo no further concern with it. The astro- 
nomical instruments wo propose brjcfly to dcscnbo in this 
chapter wiU bo considered ns perfect both m constroction 
and adjustment * 

( 112 ) As the above remarks are very essential to 0 
right understanding of the philosophy of our subject and 
the spirit of astronomical methods, wo shall elucidate them 
by taking one or two special eases Observant persons, be- 
fore the in\ ention of astronomical instruments, had already 
concludcil tlio apparent djurnal motions of Iho stars to bo 
perfonned in circles about fixed poles in the heavens, as 
shown in the foregoing chapter In drawing this conclu- 
sion, however, refraction was entirely Overlooked, or, if 
forced on their notice by its great magnitude in the im 
mediate neighborhood of the horizon, was regarded as a 
local irregularit_j , and, as such, neglected or slurred over. 
As soon, however, ns the diurnaf paths of (ho stars were 
attempted to be traced by instruments, even of the coarsest 
kind, it became ident that the notion of exact circles de 
scribed about one and the game pole would not represent 
the phenomena correctly, but that, owing to some cause or 
other, the apparent diurnal orbit of etery star is distorted 
from a circular into an oval form, its lower segment being 
fiatter than its upper, and the deviation being greater the 

» The principle on which iho chief adjuatmenta of o or threo of the most 
useful aod common Snstfomenla such as the transit the equatorial and the 
sextant are perfonned are, howercr noticed, for the cOo renience of readers 
who may use such instruments without gowg further into the arcana of prac 
t cal aalronomy 
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nearer the star approached the honzon, the effect being the 
same as il the circle had been squeezed upward from be 
low, and the lower parts more than the higher For such 
an effect, os it was soon found to arise from no casual or 
instrumental cau^e, it became necessary to seek a natural 
one, and refraction readily occurred, to solve the difficulty ♦ 
In» fact, it 13 a case precisely analogous to what we have 
already noticed (art 47), of the apparent distortion of the 
sun near the horizon, only on a larger scale, and traced 
up to greater altitudes This new law once established, it 
became necessary to modify the expression of that anciently 
received, by inserting in it a eaho for the effect of refrac 
tion, or by making a distinction between the apparent di 
urnal orbits, aa affected by refraction, and the true ones 
cleared of that effect This distinction between the ap 
parent and the true — between the uncorrected and corrected — 
between the rough and oftvious, and the refined and ultimate 
— 13 of perpetual occurrence in every part of astronomy 
(14S ) Again The first impression produced by a view 
of the diurnal movement of the heavens is that all the 
heavenly bodies perform this revolution in one common 
penod, V 12 , a day, or 24 hours But no sooner do we 
come to examine the matter xnstnimentally , i « by noting, 
by timekeepers, their successive arrivals on the meridian, 
than we find differences which cannot be accounted for by 
any error of observation All the stars, it is true, occupy 
the same interval of time between their successive appulaes 
to the meridian, or to any vertical circle, but this is a very 
different one from that occupied by the sun It is palpa 
bly shorter, being, in fact, only 23'' 66 4 09', instead of 
24 hoars, such hours as our common clocks mark Here, 
then, we have already two different days, a sidereal and a 
Astrosomt— V ol \Ii.— 0 
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solar f and if, instead of the sun, we observe the moon, we 
find a third, much longer than either — a lunar day, whose 
average duration is 24*' 64“ of our ordinary time, which 
last 13 solar time, being of necessity conformable to the 
sun's successive reappearances, on which all the business 
of life depends 

(144 ) Now, all the stars are found to be unanimous m 
giving the same eract duration of 23* 66 4 09', for the 
sidereal day , which, therefore, we cannot hesitate to receive 
aa the period in which the earth makes one revolution on 
its axia 'W'e are, therefore, compelled to look on the san 
and moon as exceptions to the general law, as having a 
different nature, or at least a different relation to us, from 
the stars, and aa having motions, real or apparent, of their 
own, independent of the rotation of the earth on its axis 
Thus a great and moat important distinction is disclosed 
to U3 

(145 ) To establish these facts, almost no apparatus is 
required An observer need only station himself to the 
north of some well defined vertical object, as the angle of 
a building, and, placing his eye exactly at a certain fixed 
point (such as a small hole in a plate of metal nailed to 
some immovable support) notice the successive disappear 
ancea of any star behind the building, by a watch ’ When 
he obseri es the sun, he must shade his eye with a dark 
colored or smoked glass, and notice the moments when its 


* This IS *n orcellcnt prseticsl wethad of ascorUIniOf the wto oi « clock or 
watch being exceed ngly »cc rata if 8 few precsuilon* Sfo Miended to tl o 
chief of which is to talo esre tf at that part ot tbo edge behind nh ch tJ o tlv 
(» bngj t one not o planet) d ssppesw si all bo quite imooth as olherw so »8ri 
aWo refraction may transfer tl a po at of dies ppos races from a prol be aces to 
a noteb and ihua raty 11 e moment of obserrsl on unduly Th s i« easily ee- 
CUfed by ca Jing op a smooth-odgod board. Tbs rortkality of its od^ aboidd 
be tcaored by the tue ot a plumb line. 
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vrestern and eastern edges succesaivelj come up to the wall, 
from whict, by taking half the internal, lie will ascertain - 
(what he cannot directly ohaerte) the moment of disappear 
ance of its centre 

(146 ) When, m pursuing and eslablisbing this general 
fact, we are led to attend more nicely tO the times of the 
daily arrival of the sun on the meridian, irregularities (such 
they first seem to be) begin to make their appearance The 
intervals between two successive arrivals are not the same 
at all times of the year They are sometimes greater, some 
times less, than 24 hours, as shown by tb© clock, that is to 
eay, the solar day is not always of the sarpc length About 
the 21st of December, for example, it m half a minute 
XongeTy and about the same day ol Sep^^mber neaAy as 
much shorter, than its average duration And thus a dis 
tiucfion IS again pressed upon our nCtice between the 
actual soHr day, which is never two days in succession 
alike, and the tticoji solar day of 24 hours, which is an 
average of all the solar days throughout the year Here, 
then, a new source of inquiry opens to US The sun's ap 
parent motion la not only not the sam© with that of the 
stars, but it is not (is the latter is) uniform It is subject 
to fluctuations, whose laws become matter of investigation 
But to pursue these law”, we require nicer means of obser 
vation than what we have described, and nre obliged to call 
in to our aid an instrument called the transit instrument, 
especially destined for such obser vatioQS, and to attend 
minutely to all the causes of irregularity m the going of 
clocks and watches which may affect c'lr reckoning of 
time Thus we become involved by degrees m more and 
more delicate instrumental inquiries, and we speedily find 
that, in proportion as we ascertam the amount and law 



124 


OUTLINES OF ASTRONOMY 


of one great or leading flnctaation, or inequality, as it is 
• called, of the sun 'a diurnal motion, we bring into view 
others continually smaller and smaller, which were before 
obscured, or mixed up with errors of observation and in 
strumental imperfections In short, we may not inaptly 
compare the mean length of the solar day to the mean or 
average height of water in a harbor, or the general level 
of the sea unagitated by tide or w ives The great annual 
fluctuation above noticed may be compared to the daily 
variations of level produced by the tides, which are noth 
ing but enormous waves extending over the whole ocean, 
while the smaller subordinate inequalities may be assiim 
lated to waves ordinarily so called, on which, when large, 
we perceive lesser undulations to nde, aod on these, again, 
minuter npplings, to the series of whose subordination we 
can perceive no end 

(147 ) With the causes of these irregularities m the solar 
motion we ha^e no concern at present, their explanation 
belongs to a more advanced part of our subject but the 
distinction between the solar and sidereal days, as it per 
vades every part of astronomy, requires to be early intro 
duced, and never lost sight of It is, as already observed, 
the mean or average length of the solar day, which is used 
in the civil reckoning of time It commences at midnight, 
but astronomers, even when they use moan solar time, de 
part from the civil reckoning, commencing their day at 
noon, and reckoning the hours from 0 round to 24 Thus, 

11 o’clock in the forenoon of the second of Jannaiy m the 
civil reckoning of time, corresponds to January 1 day 23 
hours in the astronomical reckoning, and 1 o'clock in 
the afternoon of the former, to January 2 dajs 1 hour 
of the latter reckoning This usage has its advantages and 
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dmdvantagc^i, bat the latter seem to preponderate; and it 
would be well if, in consequence, it coaid bo broken 
through, and the civil reckoning substituted. Uniformity 
in nomenclature ami modee of rectoniny in all matters relat~ 
iny to time, space, iceiyht, measure, etc., is of such tast and 
paramount importance in every relation of life as to outi>'eiyh 
every consideration of technical conienienee or custom.* 

(148.) Both astronomers and civil iane, however, who 
inhabit different points of tho earth's surface, differ from 
each other in their reckoning of timo; as it is obvious they 
must, if we consider that, when it is noon at one place, it 
is midnight at a place diametncallj opposite; siinnso at 
another; and sunset, again, at a fourth. Uenco arises con* 
siderablo inconvenience, especially as respects places differ- 
ing very widely in situation, and which may oven in-some 
critical cases involve the mistake of a whole day. To ob- 
viate this inconvenience, there has lately been introduced 
a system of reckoning time by mean solar days and parts 
of a day counted from a fixed instant, common to all the 
world, and determined by no local circumstance, such as 
noon or lurduigiit, hut by the tuotron ot the auu among 
the stars Time, so reckoned, is called equinoctial time; 
and 13 numerically the same, at the same instant, in every 
part of the globe. Its ongin will be explained more fully 
at n more advanced stage of our work. 


* The only disaSvanlatre to •etronomera of usid^ the cItII reckoning la this 
—that theix obeervntiona being chiefly carried on during tho night, the day of 
their date will, in this reckoning, alwaya hayo to bo changed *t inidnlghl, and 
the former and latter portion of every nigbt’a obeorvatlona will belong to two 
differently nambered civil daya of the mooth There la no denying Ihia to bo 
VB. 'n/tssaiwiiiautst. IT.tWr. , h/wi-w « , A *A , tn/i wtoa 'luvtnnvtltoima 

most be cheerfully riibtniUed to by all who reaolve to act on general pnociptes. 
All other cUarea of men whoeo occupation eitonda to the night aa well as day, 
snbmit to It, and And their advantage in doing so 
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(149 ) Time is an essential clement in astronomical ob 
seriation, m a twofold point of view — lat, As the represen 
iati\o of angular motion The earth’s diurnal motion being 
unifonn, every star describes its diurnal circle uniformly, 
and the timo elapsing between the passage of the stare in 
satccssion across the meridian of any observer becomes, 
therefore, a direct measure of their difTerences of 
nscension 2dli, As the fundamental clement (or natural 
independent larmbic, to use the language of geometere) in 
all dynamical theories The great object of astronomy la 
the determination of the laws of the celestial motions, and 
tbeir reference to their proximate or remote causes Now, 
tbo statement of the latv of any observed motion in a celes 
tial object can be no other than a proposition declaring what 
has been, is, and will be, the real or apparent situation of 
that object at any tine, past, present, or future To com 
pare such laws therefore, with obsertation we must possess 
a register of the observed situations of the object in ques 
tion, and of the limes when they were observed 

(160 ) The measurement of time is performed by clocks, 
chronometers clepsydras, and hour glasses The two former 
are alone used in modern astronomy The hour glass is a 
coarse and rude contrivance for measuring or rather count 
mg out fixed portions of time, and js entirely disused The 
clepsydra, which measured time by the gradual emptying 
of a large vessel of water through a determinate orifice, is 
Busceptible of considerable exactness and was the only 
dependence of astronomers before the invention of clocks 
and watches At present it la abandoned, owing to the 
greater convenience and exactness of the latter instruments 
Id one case only has the revival of its use been proposed, 
viz , for the accurate measurement of very small portions 
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o[ lime, by the fiovring out of mercury from a small orifice 
in the bottom of a vessel, kept constantly full to a fixed 
height. The stream is intercepted at the moment of noting 
any event, and directed aside into a receiver, into which it 
continues to ran, till the moment of noting any other event, 
when the intercepting cause is suddenly removed, the stream 
flows in its original course, and ceases to run into the re- 
ceiver. The weight of mercury received, compared with the 
•weight received in an interval of time observed by the 
clock, gives the interval between the events observed. 
This ingenious and simple method of resolving, with all 
possible precision, a problem of much importance in many 
physical inquiries, is due to the late Captain Kater. 

(161.) The pendnlnm clock, however, and the balance 
watch, with those improvements and refinements in its 
structure which constitute it emphatically a chronometeTf* 
are the instruments on which the astronomer depends for 
his knowledge of the lapse of time. These instruments 
are now brought to such perfection, that a habitual irreg- 
ularity in the rate of going, to the extent of a single second 
in twenty four hours in two consecutive days, is not toler- 
ated in one of good character; so that any interval of time 
less than twenty-foor hoars may be certainly ascertained 
within a few tenths of a second, by their use. In proportion 
as intervals are longer, the risk of error, as well as the 
amount of error risked, becomes greater, because the acci^ 
dental errors of many days may accumulate; and causes 
producing a slow progressive change in the rate of going 
may subsist unperceived. It is not safe, therefore, to trust 
the determination of time to clocks, or watches, for many 


» XfMMt, toe; 
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diys JH snccc^'non, Trithout chocking tlioni, <in(l aaccrtainjog 
Ihetr errors b) re/ercnco to natiiral events which wo kcoif 
to happen, (!n> after day, at equal intervals But if this 
be done, the longest intervals maj be fixed with the same 
precision ns tlio shortest, since, in fact, u is then only the 
times intervening between the first and the lost moments of 
such long intervals, and such of those periodically recurring 
events adopted for our points of reckoning, ns occur withm 
twenty four hours respectively of either, which we measor© 
by artificial means The whole days ere counted out for us 
by nature, the fractional parts only, at cither end, arc meas 
ured by our clocks To keep the reckoning of the integer 
days correct so that none shall be lost or counted twice, is 
the object of the calendar Chronology marks out the order 
of succession of events, and refers them to their proper years 
and days, while chronometry, grounding its determinations 
on the precise observation of such rcguHrly periodical events 
as can bo conveniently and exactly subdivided, enables us to 
fix the momenta m which phenomena occur, with the last 
degree of precision 

(152 } 3n tha or e the passage across 

the meridian of an observer) of ev ery star la the heavens, ho 
IS furnished with such a r^ulorty period leal natural event 
03 we allude to Accordingly, it is to the transits of tho 
brightest and most conveniently situated fixed stars that 
astronomers resort to ascertain their exact time, or, which 
comes to the same thing,, to determine the exact amount 
of error of their clocks 

(163 ) Before we describe the instrument destined for 
the purpose of observing such culminations, howeyer, or 
those intended for the measurement of angular intervals in 
the sphere, it is requisite to place clearly before the reader 
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the principle on which the telescope i3 applied in astronomy 
to the preci«e deiennination of a direction m space — that, 
uaraely, of tile Msnal ray by which we see a star or any 
other distant object 

(154 ) The telescope most commonly used in astronomy 
for these purposes is the refracting telcocopo, which consists 
of an object glass (cither single, or as is now almost nniver 
sal, double, forming what is called in optics, an achromatic 
combination) A, a tube AB, into which the brass cell of the 
object glass is firmly screwed, and an eye lens 0, for which 
13 often Bubstitnted a combination of glasses designed to in 



crease the magnifying power of the telescope or otherwise 
give more distinctness of vision according to optical prin 
ciples which we have no occasion hero to refer to Tins 
also IS fitted into a cell, which is screwed firmly into the 
end B of the tube, so that object glass, tube and eye glass 
may be considered as forming one piece, invariable in the 
relative position of its parts 

(16o ) The line P Q joining the centres of the object and 
eye glasses and prod need, is called the axis or hmof coUtma 
tion of the telescope And it is eiident that tbe situation 
of this line holds a fixed relation to the tube and its appen 
dages, so long as tbe object and eye glasses maintain tftetr 
fixity in this respect 

(160 ) Whatever distant object E this lino is directed to, 
an inverted picture or imagine of that object F is formed 
(according to the principles of optics), in the focus of the 
object glass, and may there bo viewed aa if it uere a real 
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object, through the eye lens C, which (if of short focus) cn 
ables U9 to magm/f/ it ]iist as such n lens would magnify a 
material object in the same place. 

(167 ) Now as this imago is formed ami viewed in the 
nir, being itself immntcrnl and impalpable — nothing pro 
vents onr placing in that i ery place P in the axis of the 
telescope, a real, substantial object of verj dehnito form and 
delicate make such as a fine metallic point, ns of a needle — 
or better still, n cross formed by two very 0ne threads 
(spider lines), thin metallic wires, or lines drawn on glass 
intersecting each other at right angles — and whoso intcrsec 
tion IS all but a mathematical point If such a point, wire, 
or cross bo carefully placed and firmly fixed in the exact 
focus F, both of the object and oyo glass, it will be sten 
through the latter at the iame time, and occupying the same 
precise place as the image of the distant star E The mag 
DifyiDg power of the lens renders perceptible the smallest 
deviation from perfect coincidence, which should it exist, 
IS a proof, that the axis Q P is not directed rigorously 
toward E In that case, a fine motion (by means of a screw 
duly applied) communicated to the tele<^cope, will be neces 
sary to vary the direction of the axis till the coincidence is 
rendered perfect So precise is this mode of pointing /ound 
in practice, that the axis of a telescope may be directed 
toward a star or other defimte celestial object without an 
error of more than a few tenths of a second of angular 
measure 

(168 ) This application of the telescope may be consid- 
ered as completely annihilating that part of the error of 
observation which might otherwise arise from an erroneous 
estimation of the direction in which an object lies from the 
observer s eye, or from the centre of the instroinent It le, 
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la lict, tb* gnnd loarce of all the precisloo of modem as* 
tronomj, wiihoat wLi^h all other reflaerapcU m lostrumeo 
lal wori-macslup woald be thrown away, the erro*^ ca|ablo 
of being committed m pointing to an obje» t, without auch 
a-ss stance, being far greater than what could ame from any 
but the very coarsest gradoation * In fact, the te’c«coj»c 
4has applied becomes, with respect to angular, what the 
rntc’’oscop« is with respect to lin'^ar dimension By concen 
traiing attention on its smallest parts, and magnifying into 
palpable intervals the minutest differences, it enables us 
not only to ecmtinize the form and structare of the objects 
to which It w pointed, but to refer their apparent places, 
with all but geometrical precision, to the parts of any scale 
with which wo propose to compare them 

(159) We now return to our subject the flctcrmination 
of time by tbo transits or cuimnations of celestial objects 
The instrument with winch such culminations arc obsersed 
W called a transit instrument It consists of a telescope 


* TL» tonor of tLl* cspliAl enprovetnent 1^ •ucc«*«fuU/ rlotl cnlM Ij 
Derhsia (rbit Trvit. rsi 603) U> our youe? ulei]l«<l aad onfartunotc cn intrf 
Xiao IraaoKiS^iiir fiooi it* eomapootS^-mv wiib Ceainni* aoJ Jl/irrocitea in S la 
(Dcrt&n a) {xatacaaloo Th« pttaaajroa cti«<l bj Durham from (haaa lottrn lo-ftro 
CO duabt tb»>, ao eorlf m leiO Gaacaigno bad appl ed iaieacaiwi to bla quad 
no a and aeitjiau tbrttuU (a CHa eomnum /aeiu ef tV< p/oiKi aod had 

eren carried the laTentloo ao far as to Ulumlnato Iho field of ri«w bj art float 
wbch ho found «rv helpful tehen tVe moon oppenrM aol or it ii not 
et\etiein lijM enouyh ' T>e«« Inreitlona wero fr«et/ communicstol b/ I m 
toCrabireo and throuj^h him to 1 b frh'ad Horrockc* the pride and boaaiof 
CrItUh attrouomj, both of whom expreaaed their unbounded admiration of tl la 
and mao j oil er of hla dotlcato and adrnlrablo ImproTemcnta In the art of ol*«r 
ration Gaaeotf^e I owerer perlibed at the aue of twenir ll rce at the battle 
of Uaritoo Uour, and tl e premature and auddcti death of Ilorrockm at a jet 
earlerai^n wtll account f r ti o lemporarj ol iivio i of tie It rcutio It vraa 
Terlred or re*inrenied In 1661 bj Ihcard and Auzout (Talande Aatroo 2310) 
after which iia uac became tititreraal Uorin even earlier than Oaacoldne (in 
1635) had propoaeil to aobdtit ita tl e toleacone for pUIn r I* *'“* U o 
thread or wire atretebed In the foe a with wl Ich the imago of a ttar can bo 
brought to exact eoineldeneo which giro* tl e tcleacope lU adranwgo in prac 
tice and the idea of tbia dooa not teem to hare occurred to Uorin. (Soo 
Lalande vU ruprd.) 
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firmly fastened on a horizontal axis directed to the east 
and west points of the horizon, or nt right angles to the 
plane of the mondian of the place of observation The 
extremities of the axis are formed into cylindrical pivots 
of exactly equal diameters, which rest m notches formed in 
metallio supports, bedded (in the cose of largo instruments) 
on strong pieces of stone, and susceptible of nice adjustment 
by screws, both in a \ ertical and horizontal direction By 
the former adjustment, the axis can bo rendered precisely 
horizontal, by UtelUng it with n level made to rest on 
the pivots By the latter adjustment the axis is brought 



precisely into the east and west direc 
tiOQ, the criterion of which is furnished 
by the observations themselves made with 
the instrument, in a manner presently to 
be explained, or by a well defined object, 
called a meridian mark, originally deter 


mined by such observations, and then, for convenieac© 


of ready reference, permanently established, at a great dis 


tance, exactly zn a meridian line passing through the central 


point of the whole jestrament. It is evident, /rom this 
descnption, that, if the axis or line of colhmation of the 
telescope, be once well adjusted at right angles to the axis 
of the transit, it will never quit the plane of the mendian, 
when the instrument is turned round on its axis of rotation 


(160 ) In the focus of the eye piece, and at nght angles 
to the length of the telescope, is placed, not a single cross, 
as in our general explanation in art 167, but a system of 
one horizontal and several equidistant vertical threads or 
wires {five or seven are more usually employed), as repre 
sented in the annexed figure which always appear m the 
field, of view, when properly illuminated by day by the hght 
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ol tho Bky, by night by that of a lamp introduced by a con- 
trivance not necessary here to explain. The place of this 
system of wires may bo altered by adjusting screws, giving 
it a lateral (horizontal) motion; and it is by this means 
brought to such a position, that the middle one of tho ver- 
ticil wires shall intersect the line of eoUimafiem of tho tele- 
scope, where it is arrested and permanently fastened.^ In 
this situation it is evident that the middle thread will be a 
visible representation of that portion of the celestial merid- 
ian to which the telescope is pointed: and when a star is 
seen to cross this wire in the telescope, it 
is in the act of cnlminating, or passing the 
celestial meridian. The instant of this event 
is noted by the clock or chronometer, which 
forms an indispensable accompaniment of the 
transit instrument. For greater precision, the moments of 
its crossing all the vertical threads ts noted, and a mean 
taken, which (since the threads are equidistant) would give 
exactly the same result, were all the observations perfect, 
and will, of course, tend to subdivide and destroy their 
errors in an average of the whole m the contrary case. 

(161.) For the mode of executing the adjustments, and 
allowing for the errors unavoidable in the use of this sim- 
ple and elegant instrument, the reader must consult works 
especially devoted to this department of practical astron- 
omy.* Wo shall here only mention one important verifica- 
tion of its correctness, which consists m reverstnff the ends 



’ There *13 no way of bringing the (rue opitc axis of the object glass to coin- 
cide exaedy with tho Ime of coUimatioii but, so long as the object gLssa does 
not shift or shake In Its cell any Imo holding an fncarvable yoaftiOTi with to- 
spect to th»t a*»», may be taken for the cenvenltonal or satronoiuicol aiis with 
equnf ciTect. 

• See Dr. Pearson’s Treatise on Practical Astronomy Also Bianclii Sopra 
loStremento de’ Passagl Fphem. d> Milano, 1821. 
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of tho axj 0 , or turning It east for weit If this “bo done, and 
It continue to give the aamo results, and interaect tho same 
point on tho meridian mark, wo may be sure that the line 
of collimntion of tho telescope is truly at right angles to the 
axis, and dc«cril)es strictly a plane, i e. marks out in the 
hca\ena a great circle In good transit obaen ations, an 
error of ODO or two tenths of a second of time in tho raonvent 
of a star’s culmination is tho utmost which need bo appre 
hcmlcd, exclusive of the error of tho clock: in other words, 
a clock may bo compared with the earth’s diurnal motion 
by a single observation, without risk of greater error By 
multiplying observations, of course, a yet greater degree of 
precision may be obtained 

(102 ) Tho piano described by tho Imo of colliraation of 
a transit ought to be that of the mendian of the place of 
obser\ation To ascertain whether it is so or not, celestial 
observation must bo resorted to Now, as tho meridian is a 
great circle passing through the polo, it necessarily bisects 
tho diurnal circles described by all the stars, all which do 
scribe the two semicircles so arising in equal intervals of 
12 sidereal hours each Ilence, if wo choose a star whose 
whole diurnal circle is above the horizon, or which never 
sets, and observe the moments of its upper and lower tran 
Bits across the middle wire of the telescope, if we find tho 
two semidiurnal portions east and west of the plane de 
Bcnbed by the telescope to be described in precisely equal 
tunes, we may be sure that plane is the meridian 

(163 ) The angular intervals measured by means of the 
transit instrument and clock are arcs of the equinoctial, in 
tercepted between circles of decimation passing through the 
objects observed, and their measurement, m this case, is 
performed by no artificial graduation of circles, but by the 
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help ol the c:irth*s diurnal motion, which carries cqaal arcs 
of the equinoctial across the meridian, m equal times, at 
the rato of 15“ per sidereal hour. In all other cases, when 
w© would measure angular intervalB, it is necessary to haTO 
recourse to circles, or portions of circles, constructed of 
metal or other firm and durable material, and mechanically 
subdivided into equal parts, such os degrees, minutes, eto. 
The simplest and most obvious mode lu which the measure* 
ment of the angular inten al between two directions in space 
can be performed is as follows Let A B 0 D be a circle, 
•divided into 860 degrees (numbered m order from any point 
0° m the circumference, round to the same point again), and 
connected with its centre by 
spokes or rays, x, y, z, firmly 
united to Its circumference or 
Umh At the centre let n 
circular hole be pierced, m 
which shall move a pivot 
exactly fitting it, carrying a 
tube, whose axis, a b, is ex 
actly parallel to the plane oi the circle, or perpendicular to 
the pivot, and also two arms, m, n, at right angles to it, and 
forming one piece with the tube and the axis, so that the mo- 
tion of the axis on the centre shall carry the tube and arms 
smoothly round the circle, to be arrested and fixed at any 
point we please, by a contnvance called a clamp Suppose, 
now, we would measure the angular interval between two 
fixed objects, S, T The plane of the circle must first be 
adjusted so as to pass through them both, and immovably 
fixed and maintained in that position This done, let the 
axis a b ol the tube be directed to one of them, S, and 
clamped Then will a mark on the arm vi point either ex 
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actly to some one of the divisions on the limb, or between 
two of them adjacent In the former case, the division 
mast be noted as the reading of the arm m In the latter, 
the fractional part of one whole interval between the con 
eecutive divisions by which the mark on m surpasses the 
last inferior division must be estimated or measured by 
some mechanical or optical means (See an 165) The 
division and fractional part thus noted and reduced into 
degrees minutes and seconds, is to be set down as the 
reading of the limb corresponding to that position of the tube 
a b where it points to the object S The same must then 
be done for the object T, the tube pointed to it and the 
limb read off^ the position of the circle remaining mean 
while unaltered It is manifest then, that if the lesser of 
these readings be subtracted from the greater their difference 
will be the angular interval between S and T, as seen from 
the centre of the circle at whatever point of the limb the 
commencement of the graduations or the point 0“ be 
situated 

(164 ) The very same res nit will be obtained, if instead 
of making the tube movable upon the circle, we connect li' 



invariably with the latter, and make both revolve together 

on an axis concentric with the circle, and forming one piece 

With it, working in a hollow formed to receive and fit it in 
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some fired support Such n combination is represented in 
section in the above sketch T is the tube or sight, Tast- 
ened, at p p, on the circle A B, whose axis, D, worLa in the 
solid metallio centring E, from which ongmates an arm, F, 
carrying at its extremity an index, or other proper mark, to 
point out and read off the exact division of the circle at B, 
the point close to it It is evident that, as the telescope 
and circle revolve through any angle, the part of the limb 
of the latter, which bj such revolution is earned past the 
index F, will measure the angle described This is the 
most usual mode of applying divided circles in astronomy 
(165 ) The index F may either be a simple pointer, like 
a clock hand (Jig a), or a vernier (fig b), or, lastly, a com 



pound microscope (fig c) represented in section in fig d, 
and furnished with a cross in the common focus of its object 
and eye glass, movable by a fine threaded screw, by which 
the intersection of the cross may be brought to exact com 
cidence with the image of the nearest of the divisions of the 
circle formed in the focus of the object lens upon the very 
same principle with that explained art 167 for the point 
mg of the telescope, only that here the fiducial cross is made 
movable, and by the turns and parts of a turn of the screw 
legoired for this purpose the distance of that division from 
the original or zero point of the microscope may be esti 
mated This simple but debcate contrivance gives to the 
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reading off of a circle a degree o! accuracy only limited by 
tbe power of the microscope and the perfection with which 
a screw can he executed, and places the subdivision of 
angles on the same footing of optical certainty which is 
introduced into their measurement by the use of the tele 
scope 

(166 ) The exactness of the result thus obtained must 
depend, 1st, on the precision with which the tube a h can 
bo pointed to the objects, 2dly, on the accuracy of gradaa 
tion of the limb, 3dly, on the accuracy with which tbe sub 
division of the intervals between any two consecutive grad 
nations can be performed The mode of accomplishing the 
latter object with any required exactness has been explained 
iri the last article With regard to the graduation of the 
limb, being merely of a mechanical nature, we shall pass 
it without remark, further than this, that, in the present 
state of instrument making, the amount of error from this 
source of inaccuracy is reduced within very narrow limits 
indeed ' With regard to the first, it must be obvious that, 
if the sights a i be nothing more than simple crosses, or 
piD boles at ibe ends of n hollow tube, or an eye bole 
at one end, and a cross at the other, no greater nicety in 
pointing can be expected than what simple Msion with the 
noked eye can command But if, m place of these simple 
but coarse contrivances, the tube itself be converted into 
o telescope, having an object glass at on eye piece at a, 
and a fiducial cross lu their common focus, as explained 
in art 167, and if the motion of tbe tube on tbe Jjmb of 
tbe circle be arrested when the object is brought just into 


» In the prenl Frtel c rcle nt PulVovn the probnlle nmontit of tbe eeeidtvtal 
error ot dir a o i h stated b/ iL Strurs not to exceed 0" 264 Pesa del Obs, 
centrala da Pulkora p 14T 
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coincidence with the intcrsectional point of tljatcro<(s, itiscti 
dent that a greater degree of exactne'=!3 inaj be attained in the 
pointing of the tabe than by the unassisted eye, in proportion 
to the magnifying power and distinctnevi of the telescope used 
(167 ) The simplest mode in which the measurement of 
an nngnlar interval can be creented, is what wo hate just 
desenbed, but, in stnetness, this mode is applicable only 
to terrestnal angles, such as those occupied on tho sensible 
bonzon by the objects which surround our station — bccanso 
these only remain stationary during tho inten al while the 
telescope is shifted on the limb from one object to the 
other Bat the diurnal motion of the heavens, by destroy 
ing this essential condition, renders the direct measurement 
of angular distance from object to object by this means im 
possible The same objection, howc\ or, docs not apply if 
we seek only to determine the interaal between tho diurnal 
circles described by any two celestial objects Suppose 
every star, in its diurnal revolution were to leave behind 
it a visible trace in the hea\eiis — a fine line of light for in 
stance — then a telescope once pointed to a star, so as to 
ha\e its image brought to coincidence with the intersection 
of the wires, would constantly remain pointed to some por 
tion or other of this line which would therefore continue 
to appear in its field as a luminous line permanently inter 
sectmg the same point, till the star came round again 
From one such line to another the telescope might be 
shifted, at leisure, without error, and then the angular 
interval between the two diurnal circles, in the plane of the 
telescope s rotation, might be measured Now, though wo 
cannot see the path of a star in the heavens, we can icait 
till the star itself crosses the field of view, and seize tho 
moment of its passage to place the intersection of its wires 
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po that thf* Ptnr plin)) tn\cm' it, bj »ifhJcJ», whea the tele 
ptopo xn Troll clnmpud, wo tf|uaH\ well f'ccurc ilio positioa 
ot it«i tlmrnnl circle n’» if wc contmnul to <ce it ever bo 
long Tho reuling ofl of the Itiiib mn^ then bo performed 
nt lpi‘«urc, and when miotbor pt ir cornC't round tnto the plane 
of tho circle, wo isinj wnelnmp tho telc'^copo, nnd a Bimilar 
observation w ill enable us to assign the p! ite of itj diurnal 
ctrclo on tho limb and tho observations may be repeated 
altomatcly, cver^ day , as the «t ire pass, till we are Batisflcd 
with their result 

(1C3 ) This js tlio principle of tho rniire] circle, which w 
nothing more than such n circle as wo hare descnlicd in art 
1(>3 firmly Bupi>ortcd, in tho piano of the mcnclinn, on a 
long and powerful horizontal axis This axis is let into 
a massive pier, or wall, of ntone (whence tho name of tho 
instrument) anti ao secured by screws as to bo capable of 
adjustment both in n vertical and horizontal direction, so 
that, like the axis of the transit, it can l>c maintained in the 
exact direction of the cast and west points of the horizon, 
the piano of tho circle being consequently truly meridional 

(169 ) The racndian being at right angles to all the 
diurnal circles described the stars, its arc interoeptod 
between any two of them will measuro the least distance be 
tween these circles, Bnd'wrill be equal to tho difference of 
the declinations, as also to the difference of the meridian 
altitudes of the objeots— at least when corrected for refrac 
tion These differences, then, arc the angular intervals 
directly measured by the mural circle Bat from these, 
supposing tho law and amount of refraction known, it is 
easy to conclude, not their differences only, but the quan 
titles themselves, as we shaff now expfam 

(170 ) The deolmation of a heavenly body is the com 
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pleraent of its distance from tUe pole The pole, being a 
point in the meridian, might be directly observed on the 
limb of the circle, if any star stood exactly therein, and 
thcnco the polar dwtancM, and, of course, the declinations 
of all the rest, might be at once determined But this not 
being the case, a bright star as near the pole os can be 
found 13 selected, and observed in 'its upper and fottcr 
culminations, that is, when it passes the meridian altoie 
and below the pole !Now, as its distance from the pole re 
mams the same, the difference of reading off the circle in 
the two cases is, of course (when corrected for refraction), 
equal to twice the polar distance v _» 

of the star, the arc intercepted on /yN. 

the limb of the circle being, in /7\ \ 

this case, equal to the angular \ \ 

diameter of the star’s diurnal cir ■F itr P 

cle In the annexed diagram, \ / 

H P O represents the celestial 

meridian, P the pole, B R, A Q, 

C B the diurnal circles of stars which arrive on the mend 
lau at B, A, and G in their upper and at R, Q, D in their 
lower culminations, of which B and Q happen above the 
horizon HO P is the pole, and if we suppose h p o to 
be the mural circle, having S for its centre, b a cp d will 
be the points on its circumference corresponding to B A C 
P B in the heavens Now the arcs b a, b c,b d, and c d 
are given immediately by observation, and since O P= 
P B, we have also cp=p d, and each of them=i erf, con 
seqoently the place of the polar point, as it is called, upon 
the limb of the circle becomes known and the arcs pb pa, 
p c, which represent on the circle the polar rfisiances re 
quired, become also known 
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(171 ) Tho 8»tu*\tion of tlio polo star, whicli is a very 
briUnnt one, is ominontly favorable for this purpose, being 
only about a degree and half from the pole, it is, therefore, 
the star usually and almost sololj chosen for this important 
purpose, tho more especially because, both its culminations 
taking place at great and not aery different altitudes tho 
refractions by which they aro nffectod are of small araoant, 
and differ but slightly from each other, so that their correc- 
tion 19 easily and safely applied The brightness of the 
pole star, too, allows it to be easily observed in tho daytime 
In consequence of these peculiarities this star is one of con 
stant resort with astronomers for the adjustment and verifi 
cation of instruments of almost every description In the 
case of the transit for instance, it iurmsbes an excellent 
object for the application of the method of testing the 
meridional situation of the instrument described in art. 
162 2 Q fact, the most advantageous of any for that pur 
pose, owing to its being the most remote from the zenith, 
at its upper culuunatioa, of all bright stars observable both 
above and below the pole 

(172 ) The place of the polar point on the limb of the 
mural circle once determined, becomes an ongin or zero 
point from which the polar distances of all objects referred 
to other points on the same limb, reckon It matters not 
whether the actual commencement 0“ of the graduations 
stands there or not since it is only by the differences of the 
leadings that the arcs on the limb are determined and 
hence a great advantage is obtained in the power of com 
mencing anew a fresh senes of observations, in which a 
different part of the circumference of the circle shall be 
employed and different graduations brought info use by 
which inequalities of division may be detected and neutral 
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izetl This IS accomplished practicallj by detaching the 
telescope from lUs old bearings on the circle, and fixing 
It afresh, by screws or clamps, on a different part of the 
circumference 

(173 ) A point on the limb of the mural circle, not less 
important than the polar point, is the horizontal point, which, 
being once known, becomes in like manner an origin, or 
zero point, from which altitudes are reckoned The pnn 
ciple of its determination is ultimately nearly the same 
with that of the polar point As no star exists in the 
celestial horizon, the observer must seek to determine two 
points on the limb, the one of which shall be precisely 
as far below the horizontal point as the other is above it 
For this purpose, a star is observed at its culmination on 
one nigbt, by pointing the telescope directly to it and the 
next, by pointing to the image of the same star reflected m 
the still, UDTuQled snrface of a fiuid at perfect rest Mer 
cury, as the most reflective fluid known, is generally chosen 
for that use As the surface of a fluid at rest is necessarily 
horizontal, and as the angle of reflection, by the laws of 
optics, IS egnal to that of incidence, this image will be just 
as much depressed below the horizon as the star itself is 
above it (allowing for the difference of refraction at the 
moments of observation) The arc intercepted on the limb 
of the circle between the star and its reflected image thus 
consecutively observed, when corrected for refraction, is 
the double altitude of the star, and its point of bisection 
the horizontal point The reflecting surface of a fluid so 
used for the determination of the altitudes of objects is 
called an arhflcial horizon ” 


** By ft peculiar and del cate manipulation and management of the setting 
bbcctloa and reading oft of the arcle, aided by the use of a morable honzontu 
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(171 ) The mura! circle is, m fact, at the same titae, o 
tnnsit inBtrument, and, if furnialicd with a proper sjstem 
ot vertical wires in the focus of its telescope may bo used 
as such As the axis, however, is only supported at one 
end, It has not tho strength and permanence necessary for 
the more delicate purposes of a transit, nor can it be ven 
fied, as a transit may, the rnersai of the two ends of its 
axis east for west Nothing, however, prevents a divided 
circle being permanently fastened on the axis of a transit 
instrument, either near to one of its extremities, or close 
to the telescope, so as to revolve with it, the reading o5 
being performed by one or more microscopes fixed on one 
of its piers Such an instrument is called a tbaksit circle, 
or a MERIDIAN CIRCLE and serves for the simultaneous de 
termination of the right ascensions and polar distance ot 
objects observed with it the time of transit being noted 
by the clock, and tho circle being read off by the lateral 
microscopes There is much advantage when extensive 
catalogues of small stars have to be formed, in this simul 
taneous determination of both their celestial co ordinates 
to which may be added the facility of applying to the 
meridian circle a telescope of any length and optical power 
The coQstructioQ of the mural circle renders this highly m 
convenient, and indeed impracticable beyond very moderate 
limits 

(176 ) The determination of the horizontal point on the 
limb of an instrnment is of such essential importance in 
astronomy, that the student should be made acquainted with 

m cromeWc wlw in the focoa of the object glasa it ia found practicable to obserre 
a slow moTing star (as the pole star) Wa eaw both by refieo- 

t OB and direct v a on suEc enfly near to e ther cnlm nation to giro the hot um 
tal point -mUiout nshmg the change of refraction la twenty four bourn, bo that 
liuB eouroo of error la thus completely clunmated 


146 


OUTLIhhS OF \STRO^OiIY 


tills interval, it is dear that 0 D can have no other than one 
deGoite inchnation to the horizon, because, were it ever so 
little moved one way or other, the bubble would shift its 
place, and run toward the elevated side Suppose, now, 
that wo would ascertain whether any given line P Q be bon 
zontal, let tho base of the level 0 D be set upon it, and note 
the points a b, between which the bubble is exactly con 
tamed, then turn the level end for end, so that C shall rest 
on Q and D on P If then tho bubble continue to occupy 
the same place between a and fi, it is evident that P Q can 
be no otherwise than horizontal If not, the side toward 
which tho bubble runs is highest, and must be lowered 
Astronomical levels are furnished with a divided scale, by 
which the places of the ends of the bubble can be nicely 
marLed, and it is said that they can be executed with such 
delicacy, as to indicate a single second of angular deviation 
from exact honzontality In such levels accident is not 
trusted to to give the requisite curvature They are ground 
and polished internally by peculiar mechanical processes of 
great delicacy 

(177 ) The mode m which a level may be applied to find 
the horizontal point on the hmb of a vertical divided circle 
may be thus explained Let A B be a telescope firmly fixed 
to such a circle, D E F and movable in one with it on a 
horizontal axis 0, which must be like that of a transit, sus 
ceptible of reversal (see art 161) and with which the circle 
13 inseparably connected Direct the telescope on some dis 
tant well defined object S, and bisect it by its horizontal 
wire, and in this position clamp it fast Let L be a level 
fastened at nght angles to an arm LET furnished with a 
BMcroaeope, oir at P, ssd if Jre pJensSf another atS 

Iiet this arm be fitted by gnndmg on the axis C, but capable 
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of moving amoothly on it witboot carrying It round, and 
also of being clamped fast on it, bo os to prevent it from 
moving until required 'VThilo the telescope is kept fixed 
on the object S, let the level be ect bo as to bring its bubblo 
to the marks a h, ond clamp it there Then will tho arm 
L C F have some certain determinate inclination (no matter 
what) to the horizon In this position let the circle bo read 
off at F, and then let tho whole apparatus be retersed by 
turning Its horizontal axis end for end, imthout unelamptng 
tfie level arm from the axis This done, by tho motion of 
the whole instrument (let el and all) on its axis, restore tho 
letel to Its horizontal position with 
the babbit at a 6 Then we aro 
Buro that the telescope has now 
the same inclination to the hori 
zon die otl er way that u had when 
pointed to S and the reading off 
at F will not have been changed 
liow unclamp the le\cl and, 
keeping it nearly horizontal, torn 
round the circle on the axis, so 
as to carry back the telescope through the zemih to S and 
in that position clamp the circle and telescope fast Then 
It 13 evident that an angle equal to twice the zenith dis 
tance of S has been moved over by the axis of tho tele 
scope from its last position Lastly without unclamping 
the telescope and circle, let the level be once more recti 
fied Then will the arm L E F once more assume the 
same definite position with respect to the horizon and, 
consequently, if the circle be again read off the differ 
ence between this and tho prcvions reading must measure 
tbe arc of its circumference which has passed under the 
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point P, which may bo con^jldcrccl as having all the while 
retained an invanablo position This dilTerence, then, will 
be the doable zenith distance of S, and its half mil be the 
zenith distance simply, the complement of which is its olti 
tnde Thus the altitude corresponding to a given reading 
of the limb becomes known or, in other words, the hori 
zontal point on the limb is ascertained Circuitons as tins 
process may appear, there is no other mode of employing 
the level for this purpose which docs not in the end come to 
the same thing Moat commonly, however, the level is used 
as a mere Jiduetaf reference, to preservo a honzontnl point 
once well determined by other means, which 19 done by sd 
justing It so as to stand level when the telescope is truly 
horizontal, and thus leaving it, depending on the perma 
nence of its adjustment 

(178 ) The last but probably not the least exact, ns it 
certainly is in innumerable cases, the most convenient 
means of ascertaining the fiomontal pmnt is that afforded 
by the floating collimator, an invention of Captain Katcr, 
but of which the optical principle was first employed by Kit 
teahouse, in 1783, far the purpose of fixing a definite direc 



tion in space by the emergence of parallel rays from a mate 
nal object placed in the focus of a fixed lens This elegant 
instrument is nothing more than a small telescope furnished 
with a cross wire in its focus, and fastened horizontally, or 
as nearly so as may be on a flit iron /on/, whjoli is made to 
swim on mercury, and which, of course, will, when left to 
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Itself, assn me always one and the same iP variable inclina- 
tion to the honzoD, If the cross-wires of flic collimator be 
illuminated by a lamp, being in the focus <>f its object-glass, 
the rays from them will isano parallel, and ^iH therefore 1)0 
in a fit Btato to bo brongUt to a foens by the object-glass of 
any other telescope, in which they will form an image as if 
tfiey came from a ceUsttal ohjeci tn Oiexr di^tction, i e. at an 
altitude equal to their inclination. Thus the intersection of 
the cross of the collimator may bo observed n« if it uere a 
star, and that, however near the two tele<*cope8 are to each 
other. By transferring then, the colliraattJr floating on 
a vessel of mercury from the one side to the other of a cir- 
cle, we are furnished with two quasi-celesMl objects, at pre- 
cisely equal altitudes, on opposite sides tbe centre, and 
if these be observed in succession with the telescope of the 
circle, bringing its cross to bisect the image of the cross of 
the collimator (for which end the wires of the latter cross 
are purposely set 45“ inclined to the honzon), the difference 
of the readings on its limb will be twice the zenith distance 
of either; whence, as in the last article, the horizontal or 
zenith point is immediately determined. Another, and, in 
many respects, preferable form of the floating collimator, in 
which the telescope is vertical, and whereby the zenith point 
is directly ascertained, is described in the Phil. Trans 1828, 
p- 257, by the same author 

(179.) By far the neatest and most delicate application of 
i\iQ principle of colhmalion of Rittenhousei however, is sug- 
gested by Bohnenberger, which affords at once, and by a 
single observation, an exact knowledge of the nadir point 
of an astronomical circle. In this combination, the tele- 
scope of the circle is its own collimator. The object ob- 
served is the central intersectional cross pf the wires in its 
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own focus reflected in roercuiy A strong Jllmnination 
being thrown upon tho syatem of wires (art ICO) by a lateral 
lamp, tho tolescopo of tho instrument is directed vertically 
downward toward the surface of tho 
merourj ns in the 5^“^° annexed 
The rays diverging from tho wires 
issue m pirallel pencils from the 
object glasi are incident on tho ^ 
mercurj, and are thence reflected 
back (without losing Ibcir parallel 
character) to the object glass wl ich 
IS there fore enabled to collect tl cm 
again in its focus Thus is formed 
a reflected image of the system of 
cross wires which when brought 
by tho slow motion of tho telescope 
to exact coincidence (intersection 
upon intersection) with the real system as seen in the eye 
piece of the instrument indicates the precise and rigorous 
verticahty of the optical axis of the telescope when directed 
to the nadir point 

(180 ) The transit and mural circle are essentially mend 
lan instruments being used only to observe the stars at 
the moment of their meridian passage Independent of this 
being the most favorable moment for seeing them it la that 
in which their dmmal motion is parallel to the horizon It 
13 therefore eas er at this time than it could be at any other 
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to place the telescope exactly in their true direction since 
their apparent course m the field of view be ng parallel to 
the hor zontal thread of the system of wires therein they 
may by giving a fine motion to the telescope be brought to 
exact coincidence with it and time may be allowed to ex 
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ammo and correct this coincidence, if not at first occnratcly 
hit, which w tbo case in no other situation Generally 
speaking, all angular magnitudes which it is of importance 
to ascertain exactly, should, if possible, be observed at tlieir 
maxima or minima of incrca''C or diminution, because at 
these points they remain not perceptibly changed during a 
tone long enough to complete, and even, in many cases, to 
repeat and v erify, our observations in a careful and leisurely 
manner The angle which, in the case before us, is in this 
predicament, is the altitude of the star, which attains its 
maximum or minimum on the meridian, and which is meas 
ured on the limb of the mural circle 

(181 ) The purposes of astronomy, however, require that 
an observer should possess the means of observing any ob 
jecl not directly on the meridian but at any point of its 
diurnal course, or wherever it may present itself in the 
heavens Now, a point in the sphere is determined by 
reference to two great circles at nght angles to each other, 
or of two circles one of which passes through the pole of 
the other These, in the language of geometry, are co ordt 
naUs by which its situation is ascertained for instance — on 
the earth, a jlace is known if we know its longitude and 
latitude, — in the starry heavens if we know its right ascen 
Sion and declination, — in the visible hemisphere, if we know 
Its azimuth and altitude, etc 

(182) To observe an object at any point of its diurnal 
course, we must possess the means of directing a telescope 
to It, which, therefore, must be capable of motion in two 
planes at right angles to each other, and the amount of its 
angular motion m each must bo measured on two circles eo 
OTdtnaU to each other, whose planes must be parallel to 
those in which the telescope moves The practical accom 
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phflhment of this condition is effected by making the axis 
of one of the circles penetrate that of the other at right 
angles The pierced axis turns on fixed supports, while the 
other has no connection with any external support, bat is 
sustained entirely by that which it penetrates, which is 
strengthened and. enlarged at the point of penetration to 
receive it The annexed figure exhibits the simplest form 
of such a combination, though very far indeed from the best 
in point mechanism The two circles are read off by ver* 
niers, or microscopes, the one attached to the fixed support 
which carries the principal axis, the other to an arm project 
iDg from that axis Both- circles also are snsceptible of 
being clamped, the clamps being attached to the same ulti 
mate bearing with which the apparatus for reading off is 
connected 

(183 ) It IS manifest that such a combination, however its 
principal axis bo pointed (provided that ita direction he in 
variable), will enable us to ascertain 
the situation of any object with re 
spect to the observer s station, by 
angles reckoned upon two great cir- 
cles in the visible hemisphere, one 
of which has for its poles the pro- 
longations of the principal axis or 
the vanishing points of a system of 
lines parallel to it, and the other 
passes always through these poles* 
lor the former great circle is the 
vamshiog line of all planes parallel 
to the circle A B, while ibe latter, in any position of the 
lestrtiment, is the vanishing fine of all the plaaen parallel 
to the circle G H , and these two planes being, by the con 
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atnicUon of tlie instrament, at nglit angles, the great circles, 
vrhicb are their \ani3hing lines, must be so too Now, if 
two great circles of a sphere be at right angles to each other, 
the one will always pass through the other’s poles 

{184 ) There are, however, but two positions in which 
such an apparatus can bo mounted so ns to be of any prac 
tecal utility m astronomy The hrst is, when the principal 
axis G X> IS parallel to the earth s axis, and therefore points 
to the poles of the heavens which are the vanishing points 
of all lines in this system of parallels, and when, of course, 
the plane of the circle A B is parallel to the earth s equator, 
and therefore has the equinoctial for its vanishing circle, 
and measures, by its arcs read off, hour angles, or differ 
eoces of right ascension In this case, tbe great circka in 
the heavens, corresponding to the various positions, which 
the circle G H can be made to assume by the rotation of 
the instrument round ds axis C B are all hour circles, and 
the arcs read off on this circle will be decimations, or polar 
distances, or their differences 

(18o ) In this position the apparatus assumes the name 
of an equatorial or as it was formerly called, a parallactic 
instrument It is a moat convenient instrument for all such 
observations as require an object to be kept long in view, 
because being once set npon the object it can be followed 
as long as we please by a single motion, i e by merelj turn 
ing the whole apparatus round on its polar axis For since, 
when the telescope is set on a star, the angle between its 
direction and that of the polar axis is equal to the polar dis 
tance of the star, it follows that when turned about its axis, 
without altering the position of the telescope on the circle 
G H, the point to which it is directed will always he in the 
small circle of the heavens comcident with the star s diurnal 
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path In many observations this is an inestimable advan* 
tage, and one which belongs to no other instroment The 
equatonal is also used for determining the place of an ua« 
known by comparison with that of a known object, in a 
manner to be described in the fifth chapter. The adjust- 
ments of the equatorial are somewhat complicated and diffi 
cult They are best performed in this manner — Ist, Follow 
the pole star round its whole diurnal course, by which it 
will become evident whether the polar axis is directed 
above or below, to the right or to the left, of the true pole 
— and correct it accordingly (without any attempt, during 
this process, to correct the errors, if any, in the position of 
the declination axis) 2dly, after the polar axis is thus 
brought into adjustment, place the plane of the declination 
circle m or near the meridian, and, haying there secured it, 
observe the transits of several known stars of widely differ 
ent declinations If the intervals between these transits 
correspond to the known differences of right ascensions of 
the stars, we may be sure that the telescope describes a true 
meridian, and that, therefore, the decimation axis is truly 
perpendicular to the polar one, — ‘if not, the deviation of 
the intervals from this law will indicate the direction and 
amount of the deviation of the axis in question, and enable 
us to correct it '* 

(186 ) A very great improvement has, within a few years 
from the present time, been introduced into the construe 
lion of the equatonal instrument It consists in applying 
a clock work movement to turn the whole instrument round 


tCUrow oti the Adi istment of the Fquatortal (Mein jlsh Soc rot II 
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upon Its polar axis, aod so to folloir the diurnal tnotioo of 
an) celestial object, without the necessity of the oboerver’s 
manual intervention The driving power is the descent of 
a weight which communicates motion to a train of wheel 
work, and thus, ultimate!), to the polar axis, while, at the 
same time, its too suri/l descent is controlled and regulated 
to the exact and uniform rate required to gi\ o that axis one 
turn in 24 hours, by connecting it with a regulating clock, 
or (which 13 found preferable in practice) by exhausting all 
the superfluous energy of the driving power, by causing 
it to overcome a regulated friction Artists ha\c thus sue 
cceded m obtaining a perfectly smooth uniforra, and reyu 
JahJe motion, which, when so applied, serves to retain any 
object on which the telescope may be set, commodiously, 
in the centre of the field of view for w hole hours in succcs 
Bion, leaving the ottcntiOD of the obser\ er undistractcd by 
having a mechanical movement to direct, and with both his 
hands at liberty 

(187 ) The other position in which such a compound 
apparatus as wo have described in art 182 may be advan 
tagcously mounted, is that in which the principal axis 
occupies a vertical position, and the one circle A B, con 
sequently corresponds to tbo celestial horizon, and the 
other, G H, to a vertical circle of the heavens The angles 
measured on the former are therefore azimuths, or differ 
ences of azimuth, and those of the latter zenith distances, 
or altitudes, according as the graduation commences from 
the upper point of its limb, or from one 90® distant from it 
It IS therefore known by the name of an azimuth and alh 
tuds instrument The vertical position of its principal axis 
IS secured either by a plumb line suspended from the upper 
end, which, howe\ er it be turned round, should continue 
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always to latersect oae and tlie same fidncial mark near its 
lower extremity, or by a level fixed directly across it, whose 
bubble ought not to shift its place, on moving the instru 
ment in azimuth The north or south point on the hon 
zontal circle is ascertained by bringing the vertical circle 
to coincide with the plane of the meridian, by the same 
criterion by which the azimuthal adjustment of the transit 
13 performed (art 162) and noting, in this position, the 
reading o2 of the lower circle, or by the following process, 
(188 ) Let a bright star be observed at a considerable 
distance to the east of the mendian, by bringing it on the 
cross wires of the telescope In this position let the hon 
zontal circle be read off and the telescope securely clamped 
ou the vertical one When the star has passed the mend 
lan, and is in the descending point of its daily course, let 
it be followed by moving the whole instrument round to the 
west, without however, unclampmg the telescope, until 
it comes into the field of view, and until, by continuing 
the horizontal motion, the star and the cross of the wires 
come once more to coincide In this position it is evident 
the star must have the same precise altitude above the 
western horizon, that it had at the moment of the first 
observation above the eastern At this point let the motion 
be arrested and the horizontal circle be again read off 
The difference of the readings will be the azimuthal aro 
described in the interval Now, it la evident that when 
the altitudes of any star are equal on either side of the 
meridian its azimu(?tSf whether reckoned both from the 
north or both from the “soath point of the horizon most 
also be equal — consequently the north or soath point of the 
horizon must bisect the anmuthal aro thas determined, and 
will therefore become known 



OUTLINES OF ASTnO\Om 


157 


(189) This method of dctcrramiug the north nnd south 
points of a honzootnl circle ts called the “method of equal 
altitudes,” and is of great and constant use in practical 
astronomy If we note, at the moments of the two ob^cr 
vations, the time, hy a clock or chronometer, the instant 
halfway between them will be the moment of the star’s 
mondian passage, which may thus be determined without 
a transit, and, vice lersd, the error of a clock or chronom 
clcr may by this process be discotcred For this last 
purpose, It IS not necessary that oar instrument should be 
provided with a horizontal circle at all Any means by 
which altitudes can be measured will enable us to deter 
mine the moments when the sumo star arrives at equal alti 
tudes m the eastern and western halves of its diurnal course, 
nnd, these once known, the instant of meridian passage and 
the error of the clock become also known 

(190 ) Thus also a meridian hue may be drawn and a 
meridian marL erected For the readings of the north and 
south points on the hmb of the honzontnl circle being 
known, the vertical circle may be brought exactly into the 
plane of the meridian, by setting it to that precise reading 
This done, let the telescope be depressed to the north hori 
zon and let the point intersected there by its cross wires 
be noted and a mark erected there and let the same be 
done for the south horizon The line joining these points 
13 a meridian line passing throngh the centre of the hon 
zontal circle The marks may be made secure and perraa 
nent if required 

(191 ) One of the chief purposes to which the altitude 
and azimuth circle is applicable is the investigation of the 
amount and laws of refraction For, by following with it 
a circumpolar Star which passes the zenith, and another 
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wbich grazes the horizon, througli thoir whole diurnal 
course, the exact op;inren< form of thoir dmrnni orbits or 
the ovals into which their circles arc distorted refraction, 
can be traced, and thoir dovmlion from circles, being nl 
c%ery moment gi\cn by tho nature of the observation in t/< 
dinchan ui uhtch tfic re/rac(ion Usel/ tale3 jdace{ie in alti 
tiulo) ji made a matter of direct observation • 

(102 ) The cmit4 sector and tho t/iiodoliti are peculiar 
modiRcaUoaa of tho altitude and azimuth instrument Tho 
fomier is adapted for the very exact observation of stars in 
or near the zenith, by givnng a great length to the vertical 
axis and suppressing all the cirtuinfcrenco of the vcrtital 
circle, except n few degrees of its lower part, by which 
a great length of radius, and a consequent proportional 
enlargement of tho divisions of its arc, is obtained The 
latter IS especially devoted to tho measures of horizontal 
angles between terrestrial objects, in which tlie telescope 
never requires to be elevated more than a few degrees and 
in which, therefore, the vertical circle is either dispensed 
with, or executed on a smaller scale, and with less delicacy, 
while, on the other hand, great care is bestowed on securing 
the exact perpendicularity of the plane of the telescope s 
motion, by resting its honzontal on two supports like 
the piers of a transit instrument which themselves are firmly 
bedded on the spokes of the horizontal circle, and turn 
with it 

(X0S ) The next instrament we shall desenbe is ode by 
who'ie aid the angular distance of any two objects may be 
measured, or the altitude of a single one determined either 
by measuring its distance from the v isible horizon (such as 
the sea offing allowing for its dip) or from its own refiec 
tion on the surface of mercury It is the sextant, or quad 
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rant, commonlj called lladUf/t^ from its repated inventor, 
though the priority of invention belongs undoubtedly to 
Newton, whose claims to the gratitude of the navigator 
are thus doubled, by his having furnished at once the only 
theory by which his vessel can bo securely guided, and the 
only instrument which has ever been found to avail, in 
opjdying that theory to its nautical uses." 

(194.) The principle of this instrument is the optical 
property of reflected rays, thus announced: “The angle 
between the first and las: directions of a ray which has 
suffered two reflections in one piano b equal to twice the 
inclination of the reflecting surfaces to each other.” Let 
A B be the limb, or graduated arc, of a portion of a circle 
60® in extent, but divided into 120 equal parts. On the 
radius C B let a silvered plane glass B be fixed, at right 
angles to the plane of the circle, and on the movable radios 
C E let another such silvered glass, C, bo fixed. The glass 
B is permanently fixed parallel to A C, and only one half 
of it is silvered, the other half allowing objects to bo seen 
through it. The glass C is wholly silvered, and its plane 
is parallel to the length of the movable radius O E, at the 
extremity E of which a vernier is placed to read off the 
divisions of the limb. On the radius A G is set a telescope 
F, through which any object, Q, may be seen by direct rays 
which pass through the unailvered portion of the glass B, 
while another object, P, is seen through the same telescope 
by rays, which, after reflection at C, have been thrown upon 


Xewtos eommanicftted it to Dr Halley, trbo suppreued It The deocrip- 
tion of tho leelroinent wM found, after tlie de«th of Ilalte/, among hta papers, 
to Newton’s ovni handwriting, bj bis execotor, who communicated tho papers 
to the Royal Society, twenty Are years after Nen ton’s death, and eleren after 
tho publication of Hadley’a iDrention, which mi(;ht be, and probably was, mda- 
pendent of any koowted^ of Kewtoa’s, though Hutton insinuates the contruy. 
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tbe silvered part of D, add are llieoee directed bj a second 
reflection into the telescope The two images so formed 
will “both be seen m the field of view at once, and by 
moving the radius 0 E will (if the reflectors be truly per 
pendicular to the plane of the circle) meet and pass over, 
without obliterating each other 
The motion, however, is arrested 
when they meet, and at this point 
the angle included between the 
j direction C P of one object, and 
P Q of the other is twice the an 
gle EGA included between the 
fixed and moi able radii 0 A, 0 B 
Now, the graduations of the limb being purposely made 
only half as distant as would correspond to degrees, the 
arc A E when read off, as if the graduations were whole de 
grees will, in fact read double its real amount, and there 
fore the numbers so read off will express not tbe angle 
EGA, but Its double, the angle subtended by tbe objects 
(195 ) To determine the exact distances between the stars 
by direct observation is comparatively of little service, but 
in nautical astronomy the measurement of their distances 
from the moon, and of their altitudes is of essential impor 
tanco, and as tbe sextant requires no fixed support, hut 
cau be held m the hand, and used on shipboard, the utility 
of the instrument becomes at once obvious For altitudes 
at sea, as no level, plumb line, or artificial horizon can he 
used, the sea offing affords the only resource and the image 
of the star observed, seen by reflection is brought to co 
incide with the boundary of the sea seen by direct rays 
Ibua the altitude above tbe sea line is lounA tmd this 
corrected for the dip of Vie horizon (art 23) gives the true 
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altitude of the Btar Oo land, an artificial horusnn may be 
\i 5 ed (art. 178), and the consideration of dip is rendered 
unnecessary. 

(196 ) The adjostraentfl of the sextant are simple They 
consist in fixing the two reflectors, the one on the rovqlving 
radius C E, the other on the fixed one 0 B, so os to hare 
thoir pHnes perpendicular to the plane of the circle, and 
parallel to each other, when the reading of the instrument 
13 zero This adjustment in the latter respect is of little 
moment, as its effect is to produce a constant error, whoso 
amount la readily ascertained by bringing the two images 
of one and the same star or other distant object to coinci 
dence, when the instrument ought to read zero, and if it 
does not, the angle which it does read is the zero correction 
and must be subtracted from all angles measured with the 
sextant The former adjustments are essential to be main 
tamed, and are performed by small screws, by whose aid 
either or both the glasses may be tilted a little one way or 
another until the direct and reflected images of a vertical 
Uns (a plumb line) can be brought to coincidence over thar 
whole extent^ so as to form a single unbroken straight line, 
whatever be the position of the movable arm, in the middle 
of the field of view of the telescope, whose axis is carefully 
adjusted by the optician to parallelism with the plane of the 
lirob In practice it is usual to leave only the reflector D 
on the fixed radius adjustable, that on the movable being 
set to great nicety by the maker In this case the best way 
of making the adjustment is to view a pair of lines crossing 
each other at right angles (one being horizontal, the other 
vertical) through the telescope of the instrument, bolding 
the plane of its limb vertical — then having brought the 
horizontal lino and its reflected image to coincidence by 
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■the motion of the radius, the two images of the vertical 
arm must be brought to coincidence bj tilting one way or 
other the fixed reflector JD by means of an .adjusting screw, 
with which every sextant is provided for that purpose, 
When both lines coincide in ike centre of the field the ad- 
justment is correct. 

(197.) The reflecting circle is an instrument destined /or 
the same uses as the sextant, but more complete, the circle 
being entire, and the divisions carried all round. It is 
usually furnished with three verniers, so as to admit of 
three distinct readings off, by the average of which the 
error of graduation and of reading is reduced. This is alto- 
gether a very refined and elegant instrument. 

(198.) We must not conclude this part of our subject 
■without mention of the ‘‘principle of repetition"; an inven- 
tion of Borda, by which the error of graduation may be 
diminished to any degree, and, practically speaking, anni 
hilated Let P Q be two objects which we may suppose 
fixed, for purposes of mere explanation, and let K L be 
a telescope movable on O, tfao common axis of two circles, 
AML and o 6 c, of which the former, A M L, is absolutely 
fixed m the plane of the objects, and carries the graduations, 
and the latter is freely movable on the axis. The telescope 
is attached permanently to the latter circle, and moves with 
it An arm O a A carries the index, or vernier, which 
reads off the gradnated limb of the fixed circle. This arm 
is provided with two clamps, by which it can be temporarily 
connected with either circle, and detached at pleasure 
Suppose, now, the telescope directed to P. Clamp the 
index arm O A to the inner circle, and unclamp it from 
the outer, and read off. Then carry the telescope rouml to 
the other object Q. In so doing, the inner circle, and the 
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index arm which i3 clamped to it, will aNo be carried ronnd, 
o\er an arc A B, on the graduated hmh of the outer, equal 
to the angle P O Q Now clamp the index to the outer 
circle, and unclamp the inner, and read off the difference 
of readings will of course measure the angle P O Q, but 
the result will be liable to two sources of error — that of 
grmduation and that of observation, both which it is our 
object to get nd of To this end transfer the telescope 
back to P, tpiAout unclamping the arm from the outer 
circle, then, having made the bisection of P, clamp the 
arm to h, and unclamp it from B, and 
again transfer the tele<!Cope to Q by 
which the arm will now be carried 
with it to C, over a second arc B 
C, equal to the angle P O Q Now 
again read off, then will the differ 
ence between this reading and the 
original one measure twice the angle 
P O Q, affected with both errors 
of observation, but only with the 
same error of graduation as before Let this process be re 
peated as often as we please (suppose ten times), then will 
the final are A B C D read off on the circle be ten times the 
required angle, affected by the joint errors of all the ten 
observations, hot only by the same constant error of gradua 
tion, which depends on the initial and final readings off 
alone Now the errors of observation, when numerous, 
tend to balance and destroy one another, so that, if suffi 
ciently multiplied, their influence will disappear from the 
result There remains, then, only the constant error of 
graduation, which comes to be divided in the final result 
by the number of observations, and is therefore diminished 
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in its inilaence to one tenth of its possible amount, or to 
le^is i£ need be The abstract beauty and advantage of this 
principle seem to be counterbalanced in practice by some 
unknown cause, which, probably, must be sought for m 
imperfect clamping 

(199) Micrometers are instruments (as the name im- 
ports *) for measuring, with great precision, small angles, 
not exceeding a few minutes, or at most a whole degree 
They are very various in construction and principle, nearly 
all, however, depending on the exceeding delicacy with 
which space can be subdivided by the turns and parts of 
a turn of fine screws Thus — ^in the parallel mre mtcrotn 
eier^ two parallel threads (spider s lines are generally 
used) stretched on sliding frames, one or both movable by 



screws in a direction perpendicular to that of the threads, 
are placed in the common focus of the object and eye 
glasses of a telescope and brought by the motion of the 
screws exactly to cover the two extremities of the image 
of any small object seen in the telescope as tbo diameter 
of a planet, etc , the angular distance between which it is 
required to measure This done the threads are closed 
up by turning one of the screws till they exactly co\er 
each other, and the number of turns and parts of a turn 
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required gives the interval of the threads, TThich must bo 
converted into angular measure, either bj actual calculation 
from the linear measure of the threads of the screw and tho 
focal length of the object-glass, or experimentally, by meas- 
uring the image of a known object placed at a known dis- 
tance (as a foot-rule at a hundred yards, etc.) and therefore 
subtending a known angle. 

(200.) The duplication of the ima^e of an object by optical 
means furmsUes a valuable and fertile resource in microme- 
try. Suppose by any optical contrivance the single image 
A of any object can be converted into two, exactly equal 
and similar, A B, at a distance from one another, dependent 
(by some mecbanical movement) on the will of the observer, 
and in any required direction from one another. As these 



can, therefore, be made to approach to or recede from each 
other at pleasure, they may be brought in the first place to 
approach till they touch one another on one side, as at A C, 
and then being made by continuing the motion to cross and 
touch on the opposite side, as A D, it is evident that the 
quantity of movement required to produce the change from 
one contact to the other, i/ unt/orm, will measure the double 
diameter of the object A. 

(201.) Innumerable optical combinations may be devised 
to operate snch duplication. The chief and most important 
(from its recent applications), is the heliomeier, in which the 
image is divided by bisecting the object glass of the teUtcope, 
and making its two halves, set in separate brass frames, 
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elide laterally oa each other, as A B, the motioa being 
produced and measured by a screw Each half* by the 
laws of optics, forma its own 
image (somewhat blurred, it 

IB true, by diffraction”)* 

Its own axis, and thus two 
equal and similar images are 
formed side by side la the 
focus of the eye piece, which 
may be made to approach and 
recede by the motion of the screw, and thus afford the 
means of measurement as above described 

(202 ) Double refraction through crystallized media af 
fords another means of accomplishing the same end With 
out going into the intricacies of this difficult branch of 
optics, It will suffice to state that objects viewed through 
certain crystals (as Iceland spar, or qnartc) appear double, 
two images equally distinct being formed, whose angular 
distance from each other vanes from nothing (or perfect 
coincidence) up to a certain limit, according to the direction 
wxih respect to a certain fixed line tn the crystal, called its 
optical axis Suppose, then, to take the simplest case, that 
the eye lens of a telescope, instead of glass, were formed of 
such a crystal (say of quartz, which may be worked as well 
or better than glass) and of a spherical form, eo ns to oiler 
no difference when turned about on its centre, other than 
the inclination of its optical axis to the visual ray Then 
when that axis coincides with the line of coUimation of the 
object glass, one image only will be seen, but when made to 
reiolve on an axis perpendicular to that line, two will arise, 
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opening gradaallj out from each other, and thus originating 
the desired duplication. In this contrivance, the angular 
amount of the rotation of the aphcro oilords tho necessary 
datum for determining tho separation of the images 

(203 ) Of all methods which have been proposed, how- 
e\cr, the simplest and most unobjectionable would appear 
tobe tho following It is well known to every optical etn- 
dent, that two prisms of glass, a dint ond a crown, may be 
opposed to each other, so as to produce a colorless dejiection 
of parallel rays An object seen through such a compound 
or achromatic pnsm will be seen simply deviated in direc 
tion, but m no way otherwise altered or distorted Let 
each a prism be constructed with its surfaces so nearly 
parallel that the total deiiation produced in traversing them 
ahall not exceed a small amount 
(say 5*) Let this bo cut m half, 
and from each half let a circular 
disk be formed, aud cemented ou 
a circular plate of parallel glass, 
or otherwise sustained, close to 
and concentric with the other by 
a framework of metal so light os 
to intercept but a small portion 
of the light which passes on the outside (as in the above 
figure), where the dotted lines represent the radii sustaining 
one, and the uUdotted those carrying the other disk The 
whole must be so mounted as to allow one disk to revolve 
in Its own plane behind the other, fixed, and to allow the 
amount of rotation to be read off It is evident, then, that 
when the deviations produced by the two disks con8plre^ a 
total deviation of 10 will be effected on all the light which 
has passed through them, that when they oppose each 
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Other, the rays will emerge undevlated, and that in inter- 
mediate positions a deviation varying from 0 to 10', and 
calonlablo from the angular rotation of the one disk on the 
other, will arise. Now, lot this combination be applied at 
each n point of the cone of rays, between the object-glass 
and its focus, that the disks shall occupy exactly half the 
area of Us section. Then will half the light of the object 
lens pass undoviatod— the other half deviated, as above 
described; and thus a duplication of image, variable and 
measurable (as required for micrometnc measurement) will 
occur. If the object glass be not very large, the most con- 
venient point of its application will be externally before it, 
in which case the diameter of the disks will be to that of the 
object glass as 707 1000, or (allowing for the spokes) about 
as 7 to 10 

(204.) The Poaiiion Micrometer is simply a straight thread 
or wire, which is earned round by a smooth revolving mo- 
tion, in the common focus of the object and eye glasses, in a 
plane perpendicular to the axis of the telescope It serves 
to determine the situation with respect to some fixed line 
in the field of view, of the line joining any two objects or 
points of an object seen in that field — as two stars, for in- 
stance, near enough to be seen at once For this purpose 
the movable thread is placed so as to cover both of them, 
or stand, as may best be judged, parallel to their line of 
junction And its angle, with the fixed one, la then read 
off upon a small divided circle exterior to the instrument. 
When such a micrometer is applied (as it most commoaly 
is) to an equatorially moan ted telescope, the sero of ita posi- 
tion corresponds to a direction of the wire, snob as, pro- 
longed, will represent a circle of declination m the heavens 
—and the “angles of position” so read off are reckoned in- 
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yariably from one point, and in one direction, viz., norrt, 
folioicing ^ south, preceding', 80 that 0’ position corresponds 
to tho situation of an object exactly tioW& of that assumed 
as a centre of reference— 90° to a situation exactly eastward, 
or following', 180° exactly south', and 270° exactly west, or 
‘preceding in the order of diurnal movement. When the 
relative position of two stars, very near to each other, so as 
to be seen at once in the same field of view, is to be deter- 
mined in this way, especially if they be of unequal magni- 
tudes, the best form of the instrument consists, not in a sin- 
gle thin wire to be placed centrally across both the stars, 
but in two thick parallel wires, hetween which both stars are 
brought under inspection in a symmetrical situation, by 
which arrangement the parallelism of the line joining their 
centres with the direction of the wires can be very much 
more accurately judged of It gives great advantage, more- 
over, to the precision of such a judgment, if the position of 
the observer be such as to bring the principal section of his 
eye (that which in his upright position is vertical) into 
parallelism with the wires. 

(204 a.) To see the fiducial threads or wires of an eye- 
piece or micrometer in a dark mgbt is impossible without 
introducing some artificial light into the telescope, so as 
either to illuminate the field of view, leaving the threads 
dark, or vice versd To illuminate the field, the light of a 
lamp is introduced by a lateral opening into the tube of the 
telescope, and dispersed by reflection on a white unpolished 
surface, so arranged as not to intercept any part of the cone 
of rays going to form the image. For illuminating the 
direct, lamjp U^ht ia thrown on them from the. side 
toward the eye; the superfluous rays being stifled by falling 
on a black internal coating, or suffered to pass out to the 
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lube through no oppomte Aperture opening Into n lUrk 
eh Am her 

(201 h ) When the wjrt^ nre Aren dnrk on An UluminAted 
field, the color of the illuminating light ifi of grcftt impor 
tance An a matltr of cxjicriencc, it i» certain tiiat n reJ 
itlurnttintion nffonla a far eharper And clearer tiow of tbo 
Viren than any other 

(2We) For obnemng the Bun, darkening glassen are 
neccnanrj In thia case red gKnaen nro inappropriate be 
cauno they transmit (ho Bolar heat frcolf, hy which the cjo 
would be Bcnouslj Injured, and cten when terj deep tinted, 
render prolonged inspection intolerably painful Green 
glasncn are free from this objcciioD Tho bent darkening 
glast howercr, is a cotnbtnatton of a cobalt blue with a 
green glass, which if tho components are properly selected, 
transmits an almost homogeneous yellow light, and no sen 
Bible amount of heat Both (ho light and heat of tho sun 
bowoer, may be subdued by reflection at glass surfaces, tbo 
light returned by regular rcflecliou on glass being only 
about 2) per cent of that ineidcnt on it A reflecting tele 
ffcopo spceificalJy adapted Sor i leirizig the saa may he coa 
Btructed by making tho specula of glass, tho object mirror 
having tho form of a double conca\o lens whoso anterior 
surface (that producing tho image) is worked into a parab 
oloid of tho proper focal length, and the poa tenor to a 
sphere of considerably greater curvature to transmit and 
disperse outward the refracted rays into the open nr behind 
(for which purpose tho telescope should be open at both 
ends) and to so weaken those reflected by dispersing them 
not to interfere with the distinctness of the image 
Ifeitbcr the quality of tbo glass, nor accuracy of figure in 
the posterior surface is of any importance to tho good per 
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formnnco of each a reflector.** Should the light be not sulTi* 
cienlly enfeebled by the Drat reflection, it may be still fur- 
ther reduced (to oboat 1 — GOO* part of its original intensity) 
by making the small speculum of glass nUo in the form of a 
prism; the reflection being performed on one of its exterior 
surfaces, and the refracted portion being turned away and 
tCrown out at tho other. 

(201 rf.) Advantage may be also taken (as in Sir D. 
Brewster’s polarizing eye-piece) of the properties of polar- 
ized light, which may be diminished in any required degree 
by partial reflection in a plane at right angles to that of its 
first oblique reflection. Or without polarization, the light 
may he enfeebled by successive reflections between parallel 
surfaces to any extent. 

(204 e.) "When the object in view is to scrutinize, under 
high magnifying powers, minute portions of the solar disk; 
the light and heat of the general surface may be intercepted 
by a metallic screen placed in the focus where the image is 
formed, and pierced with a very small hole, allowing that 
minute portion only to pass through and be examined with 
the eye-piece; the observer being" tbas deteaded froza the 
glare. By this arrangement, Mr Dawes, to whom the idea 
is dne, has been enabled to observe some very extraordi- 
nary peculiarities in the constitution of the sun’s surface, 
discernible in no other way, an account of which will be 
found in their proper place. 

(204 /.) Since the nso of large reflectors has become 
common among astronomers, tho necessity of supporting 
the ponderous masses of their specula without constraint 


I would take tins opportuntlr mrnestlf to recommeud tt)o ooostnicUon of 
» on this principle, first propounded end more fully deecrlbed io my 

Capo Obsemtions (p 43Q), to the attention of the practical optician. 
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or umltir prfi'urc >n nn) dtrccUon (wlnoh would dmorttho 
figure of ifjcjr polinlicd nurfnctri) rendcru the use of Borao 
rc'idy inci!io<l of venfjittg, from mstant to inKtant the 
A Ijuiitnient of thrjr of coIIitnAiion (or tlit optical axis 
of tho rcdcctorB) nml of rra Ijuntmg it, when Blufictl, indi« 
pen^able Tor thia purpose, n wnall collunating telcicopo 
(art 178) ilJammatcd In reflection from a lamp oal.«idc » 
fiKod within the tube of the reficctor ita oljcclcncl Icing 
turtle I towanl the apecalnm l/pan tmaje of the cfo« 
wirea of tine teloK:opc formed in the (ocaa of the reflector, 
ami aeen through jw c}e piece as n real obp'ot the tmuaiti 
and nllituclea of celealiaj objecta ma^ bo ol icrvcd aa if it 
consisted of actual wires, for these, it is manifest, if onco 
placed so as to I iscet a star, will continuo to do eo what 
ever amount of tilling the reflector might be subjected to, 
either in a lateral or vertical piano The rajs from the star 
anil tho axis of the collimator remaining parallel, the latter 
avis and not that of the reflector, becomes in fact the real 
lino of colhmation or optio axis of tho instrument, when 
objects are thus directly referred to iL Should conven 
icnco of micromotnc measurement, or the observation of 
faint objects in a very feebly illuminated field preclude 
such direct reference, tho position of tho specnlum must 
from time to tune be examined and if faulty, readjusted 
by bringing tho micrometer wires to coincidence with tho 
image of thoso of tho collimator by an appropriate meeban 
lam communicating tho requisite small amount of movement 
to tho Bpocnlum in its cell * 

»• Boo Pbll Tnuso. 1833 pp 448-9 wbere tbfi opptfcaKoa of the cofl rooltog 
principle Used by the aotbor eince 1833 la amt deacrlbed Soeatao Beault* of 
Aaironomical Obaorration at the Capo of Oood Hope preface, p *1* 
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CHAPTER rv 
o F G EOOB A rirr 

Of tho Fignra o! the Emb— lu Exact DuneDsiosa — Its Form that of Eqnt 
Ubriom Mod Bed by Cenuifogal Force — Vanation df Qr»»ity oo its 
Surface — Statical and Djnamlcal Measures ofOraTity — TLe Fcndalusa 
— Q rarity U> a Sphere d — Other Effects of the Earth a Eoutllon — Trade 
■Winds — Teenng of the 'Winds — Cyclones — Foucault a Peodulom — Tho 
OyTO«cope — Determuiatioa of Geographical Pod lions — Of Latitudes — 
Of Longitudes — Coudoct of a Trigonomctncal Surrey — Of Maps — Pro 
jections of the Sphere — Measurement of Heights by the Barometer 

(205) GEOGBArnT 13 not only the most important of 
the practical branches of knowledge to which astroBomy 
13 applied, but it is also, theoretically speaking, an essen* 
tial part of the latter science The earth being the general 
station from which we new the heavens, a knowledge of 
the local situation of particular stations on its surface is of 
great conseq^aence, when we come to inquire the distances 
of the nearer heavenly bodies from us, as concluded from 
observations of their parallax as well as on all other occa 
fiions, where a difference of locality can be supposed to 
iniiaence astronomical results We propose, therefore, in 
this chapter, to explain the principles, by which astronom 
leal observation is applied to geographical determinations, 
and to give at the same time an onthne of geography so far 
03 it IS to be considered a part of astronomy 

(206 \ Geography, as the word imports,, is a delineation 
or description of tho earth In its widest sense, this com 
prebends not only the delineation of the form of its conti 
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neats and seas, its rivers and mountains, but tbeir physical 
condition, climates, and products, and their appropriation 
by communities of men With physical and political geog 
raphy, however, we have no concern here Aslronomical 
geography has for its objects the ersact knowledge of the 
form and dimensions of the earth, the parts of its surface 
occupied by sea and land, and the configuration of the sur- 
face of the latter, regarded as protuberant aboi e the oceaUj 
and broken into the various forms of mountain, tableland 
and valley, neither should the form of the bed of the ocean, 
regarded as a continuation of the surface of the land beneath 
the water, be left out of consideration we know, it is trne, 
very little of it, but this is an ignorance rather to bo 
lamented, and, if possible, remedied, than acquiesced in, 
inasmuch as there are many very important branches 
of inquiry which would be greatly advanced by a better 
acquaintance with it 

(207 ) With regard to the figure of the earth a tcTiole, 
we have already shown that, speaking loosely, it raaj be 
regarded as spherical, but the reader who has duly appro 
ciatcd the remarks in art 23 will cot be at a loss to perceive 
that this result concluded from observations not susceptible 
of much exactness and embracing very small portions of 
the surface at once, can only be regarded as a first approxi 
mation, and may require to be materially modified by enter 
ing into minutisa before neglected, or by increasing the 
delicacy of our observations, or by including in their ex- 
tent larger areas of its surface For instance, if it should 
turn out (as it will), on minuter inquiry, that the true figure 
IS somewhat elliptical, or flattened, in the manner of an 
orange, having the diameter which coincides with the axis 
about tkth part shorter than the diameter of its equatorial 
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circle, — tbia is so tnfling a deviation fron the sphencal 
form that, if a model of such proportions were tamed in 
wood, and laid before ns on a table, the nicest eye or hand 
would not detect the flattening, since the difference of diara 
etcra, in a globe of fifteen inches, would amount only to ith 
of an inch In all common parlance, and for all ordinaiy 
purposes, then, it would still bo called a globe, while, 
ncTCrtbcless, by careful measurement, the difference would 
not fail to be noticed, and, speaking strictly, it would bo 
termed, not a globe, but an oblate ellipsoid, or spheroid, 
which ts the name appropnated by geometers to the form 
above described 

(208 ) The sections of such a figure by a plane are not 
circles, but ellipses, so that, on sneb a shaped earth, the 
horizon of a spectator would nowhere (except at the poles) 
be exactly circular, but somewhat elliptical It is easy to 
demonstrate, however, that its deviation from the circular 
form, arising from so very slight an ‘•'^elUpUcity'' as above 
supposed, would be quite imperceptible, not only to our 
eyesight, but to the test of the dip sector, so that by that 
mode of observation wo should never be led to notice so 
small a deviation from perfect sphencity How we are led 
to this conclnsion, as a practical result, will appear, when 
we have explained the means of determining with accuracy 
the dimensions of the whole, or any pirt of the earth 

(209 ) As we cannot grasp the earth, nor recede from 
it far enough to view it at once as a whole, and compare it 
with a known standard of measure in any degree commen 
surate to ita own size, but can only creep about upon it, 
and apply our diminutive measures to comparatively small 
parts of Its vast surface in succession, it becomes necessary 
to supply, by geometrical reasoning, the defect of our phys 
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ical powers, tintl from a d client o and enreJul measurement 
of such small parts to conclude tbo form and dimenaioos 
of the whole mnsa. This would present little difHcaUjr, if 
wo were sure the earth were stnctly a sphere, for the pro* 
portion of the ctrcumferenco of a circle to its dinmeter being 
known (>ir , that of 8 1415026 to 1 0000000), wo haac only 
to ascertain the length of the entire circumfcrenco of any 
great circle, such ns a meridian, in miles, feet, or nny other 
standard units, to know the diameter in units of the same 
kind Now, the circumference of the whole circle is known 
ns soon ns wo know tlie exact length of any aliquot part 
of It, such as 1" or ,kth part, and this, being not more than 
about seventy miles in length, is not beyond the limits of 
ycr} exact measurement, and could, in fact, W measured 
(if we knew its exact termination at each extremity) within 
a very few feet, or, indeed, inches, by methods presently 
to bo particular! zcil 

(210 ) Supposing, then, we were to begin measuring with 
all duo nicety from any station, in the exact direction of a 
meridian, and go measuring on, till by some indication we 
were mforined that we had accomplished an exact degree 
from the point we set out from, our problem would then 
bo at once resolved It only remains, therefore, to inquire 
by what indications wo can bo sure 1st, that we hate ad- 
vanced an degree, and, 2dly, that wc have been 

measuring in the exact dtrecUon of a great circle 

(2X1 ) Now, the earth has no landmarks on it to indi- 
cate degrees, nor traces inscribed on its surface to guide 
us in such a course The compass, though it affords a 
tolerable guide to the mariner or the traveller, is far too 
uncertain m its indications, and too little known in its laws, 
to be of any use in an operation We must therefore, 
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look outward, and refer our situatron on the surface of our 
globe to nataral marks, external to it, and which are of 
equal permanence and stability with the earth itself Such 
marks, are afforded by the stars By observations of their 
mendiati altitudes, performed at any station, and from their 
known polar distances, we conclade the height of the pole, 
and since the altitude of the pole is equal to the latitude of 
the place (art 119), the same observations give the latitudes 
of any stations where we may establish the requisite instru 
ments "WTien our latitude, then, is found to have dimm 
ished a degree, we know that, provided we have kept to Oie 
meridian, we have described one three hundred and sixtieth 
part of the earth’s circumference 

(212 ) The direction of the meridian may be secured at 
every instant by the observations described in arts 162, 
18S, and although local difBculties may oblige us to de 
yiate in our measurement from this exact direction, yet if 
we keep a strict account of the amount of this deviation, 
a very simple calculation will enable us to reduce our ob 
served measure to its Tnenrfionof value 

(213) Such la the principle of that moat important 
geographical operation, the measurement of an arc of the 
meridian In its detail however a somewhat modified 
course must be followed An observatory cannot be 
mounted and dismounted at every step so that we cannot 
identify and measure an exact degree neither more nor less 
But this IS of no consequence, provided we know with 
cqnal precision hov> much more or less, wo have measured 
In place then, of measuring this precise aliquot part, we 
take the more convenient method of measuring from one 
good observing station to another, about a degree, or two 
or three degrees, as the case may be, or indeed any deter 
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minato ongoUr interval apart, and dctcrnumng by astro* 
comical ob8er\atton tlic prcctso diiTcrcoco of latitudes 
between tbo atationa 

(214) Again, it ii of groat consequence to avoid m this 
operation over^ source of uncertainty, because an error com 
mittcd in tbe Jongtb of a aiogle degree will bo multiplied SCO 
times in the circumference, and nearly 115 times m tlie 
diameter of tbe earth concluded from it Any error which 
may adect the astronomical determination of a star's alti 
tudo will be especially influential Kow, there is still too 
much uncertainty and fluctuation in the amount of rcfrac 
tion at moderate altitudes, not to make it especially destr 
able to avoid this source of error To effect this, wo take 
care to select for observation, at tbe extreme stations, some 
star which passes through or near the zeniths of both The 
amount of refraction, within a few degrees of the zenith, is 
very small, and its fluctuations and uncertainty, in point of 
quantity, so excessively minute as to he utterly inappreci 
able Now, it is the same thing whether we observe the 
pofe to be raised or depressed a degree, or the zem(h distance 
of a star when on the mendmn to have changed by the same 
quantity (fig art 128) If at one station wo observe any 
star to pa =3 through the zenith, and at the other to pass one 
degree south or north of the zenith, we are sure that the 
geographical latitudes, or the altitudes of the pole at the two 
stations, must differ by the same amount 

(215 ) Granting tbit tbe terminal points of one degree 
can bo ascertained its length may be meisured by the roeth 
ods which will be presently described as we have before 
remarked to within a very few feet Now the error which 
may be committed in fixing each of these terminal points 
cannot exceed that which may be committed in the obser 
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vation of tho zenith distance of a star properly sitoated for 
the purpose la question This error, \rith proper caro, can 
hardly exceed half a second Supposing wo grant the pos 
Bibihty of ten feet of error m the length of each degree in a 
measured arc of fire degrees, and of half a second m each of 
the zenith distances of one star, observed at tho northern 
and southern stations, and, lastly, suppose all these errors 
to conspire, so os to tend all of them to give a rcauTt greater, 
or all le««, than the truth, it will appear, by a very easy 
proportion, that the whole amount of error which would be 
thus entailed on an estimate of the earth’s diameter, as 
concluded from such a measure, would not exceed 1147 
yards, or about two thirds of a mile and this is ample 
allowance 

(216 ) This, however, supposes that the form of the earth 
13 that of a perfect sphere, and, in consequence the lengths 
of its degrees in all parts precisely equal But when we 
come to compare the measures ol meridional arcs made in 
various parts of the globe, the results obtained, altbongh 
they agree suCiciently to show that the supposition of a 
spherical figure is not very remote from the truth, jet ex 
hibvt discordances far greater than what we have shown to 
be attributable to error of observation, and which render it 
evident that the hypothesis in strictness of its wording, is 
untenable The following table exhibits the lengths of arcs 
of the meridian (astronomically determined as above de 
scribed), expressed in British standard feet os resulting 
from actual measurement made with all possible care and 
precision, by commissioners of various nations, men of the 
first eminence, supplied by their respective governments 
with the best instruments, and furnished with every facility 
which could tend to insure a successful result of their im 
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portAQi Iflbore The lengths of the <legree8 m the last col 
umn are derived from the numbers set down in the two pre 
ceding ones by simple proportion, a method not qnito exact 
when the arcs are large, but sufRciently so for our purpose 


Oouatrr 

Taitltode of 
lUddloof Are 

Are 

measured 

Measured 
Lcttgtb In 
Foot 

Mean 
length 
of tbn De- 

dtelatJ 

Fret 

Sweden* A B 


hCG 

20 

10 0 

1 

3T 

19 6 

693277 

366744 

Sweden A 


-C8 

19 

37 

0 

67 

30 4 

361832 

367086 

ttueata A 


-58 

IT 

3T 

3 

35 

5 2 

1309713 

3G536S 

Russia B 


-5G 

3 

55 6 

8 

2 

23 9 

2937439 

366291 

Prussia B 


-54 

58 

2G0 

1 

30 

■>0 0 

661073 

365420 

Denmarlc B 

■ 

-54 

8 

13 7 

1 

31 

63 3 

6591’! 

365037 

Ilanover A B 

- 

-62 

32 

16 6 

2 

0 

67 4 

7364^5 

365300 

England A 


-6’ 

35 

45 

3 

67 

13 1 

144V953 

i 364971 

England B 


-S2 

2 

19 4 

2 

60 

23 6 

1036409 

364951 

France A 


-4G 

52 

2 

8 

20 

0 3 

304DC05 

364372 

Fra ce A B 


-44 

61 

2 5 

12 

22 

12 7 

4609332 

364572 

Rome A 


-42 

69 


2 

9 

47 

787919 

364262 

linenca A 


-39 

12 


1 

28 

45-0 

638100 

363786 

Inda AB 


hl6 

8 

21 6 

16 

67 

40 7 

6794698 

363044 

Inda AB 


-12 

32 

20 8 

1 

34 

66 4 

674318 

362956 

Peni A B 


- 1 

31 

0 4 

3 

7 

3 S 

1131050 

362790 

Capo of Good Hope A 


-33 

18 

30 

1 

13 

17 6 

445606 

364713 

Cape of Good Hope B 


43 

20 0 

3 

34 

34 7 

1301993 

364060 


It 13 evident from a mere inspection of the second and 
fifth columns of this t'lble that the measured length of a de 
gree increases tm(h tl e fahlurfe being gre'itest near the poles. 


TJj0 astroDomars whonJ t) ®se 
follows- — 

BwetJen A B— Svanbere 
Swedao A — ^Uaupertu 
Ruaa a A— 8tn 7e 
Rusaa B — Struve Tenner 
Prnssja — Bessel Bajrer 
Benma V— Schumaclier 
lIasove}v_f;auR3 
Eogliiitd — ^Boy Kater 
France A — Laca lie Cassin 


mess reman M were etee ted were as 


i ranee A B— Delatnbre Median 

Rome— Boecov eb 

Amer ca — Maaon and Duron 

rndfa, 1st — Larabton Fvercst 

India 2d — Lambtoa 

Pen — LnCo dani tie Bouguer 

Cape »/ Good Hope A — LsCaiHe 

Capo of Good Hope B — Maclear 
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and least near the equator Let us now consider what inter 
prctation is to be put upon this conclusion, as regards the 
form of the earth 

(217 ) Suppose we held m our hands a model of the 
earth smoothly turned in wood, it would be, as already 
observed, so nearly spherical, that neither by the eye nor 
the touch, unassisted by instruments, could we detect any 
deviation from tbat form Suppose, too, we were debarred 
from measuring directly across from surface to surface in 
different directions with any instrument, by which we might 
at once ascertain whether one diameter were longer than 
another, how, then we maj ask, are we to ascertain whether 
it IS a true sphere or not? It is clear that we have no 
resource, but to endeavor to 
discover, by some mcer means 
than simple inspection or feel 
mg, whether the convexity of 
its surface is the same in every 
part, and if not, where it is 
greatest, and whore least Sup 
pose, then, a thin plate of metal to be cut into a concavity 
at its edge, so ns exactly to fit the surface at A let this now 
be removed from A and applied snccessively to several 
other parts of the surface, taking care to keep its plane 
always on a great circle of the globe as here represented 
If, then, we find any position, B in which the light can 
enter in the middle between the globe and plate, or any 
other, O, where the latter tilts by pressure, or admits the 
light under its edges, we are sure that the curvature of the 
surface at B is less and at C greater, than at A 

(218 ) What we here do by the application of a metal 
plate of determinate length and curvature, wo do on the 
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earth by the mcaBuremcnt of a degree of variation m tlio 
aUitudo of tho polo Ourvotnro of a surface is nothing but 
tho Continual dcQcction of its tangent from ono fixed direc 
tion as wo advance along it When, m tho tame measured 
distance of advance wo find tfio tangent (which answers to 
oar horizon) to have shifted its position with respect 
to a fixed direction in space (such as tho axis of the 
heavens, or tho line joining the earth’s contra and some 
given star) more in one part of tho earth’s mendmn than 
in another, we conclude, of necessity, that tho curvature of 
the Rurlaco at tho former spot is greater than at the latter, 
and vice tersd, when, in order to produce the same change 
of horizon with respect to the polo (suppose 1°) we require 
to travel over a longer measured space at one point than at 
another, we assign to that point a less curvature Hence 
we conclude that the curvature of a meridional section of the 
earth ts sensibly greater at the eguator than toward the poles, 
or, in other words, that the earth is not spherical, but fiat 
tened at the poles, or, which comes to tho same, protuberant 
at the equator 

(219 ) Let N A B D E F represent a mendional section 
of the earth C its centre, and N A B D, G E, arcs of a 
meridian, each corresponding to one degree of difference 
of latitude or to one degree of vanatiou in tb© meriAian 
altitude of a star ns referred to the horizon of a spectator 
travelling along the mendian Let n N, o A, 6 B, d D, 
p G, e B, be the respective directions of the plumb line at 
the stations N, A, B, D, G, E, of which we will suppose 
N to be at the pole and E at the equator, then will the 
tangents to the surface at these points respectively be per 
pendioular to these directions, and, consequently, if each 
pair, VIZ n N and o A, & B and d D g G and e E, be pro 
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longed till they intersect each other (at the pointa x, jr, «), 
the angles K x A, B B, 0 2 E, will each bo one degree, 
and, therefore, all equal; so that the email curvilinear arcs 
N A, B D, G B, may bo regarded ns arcs of circles of ono 
degree each, desenbod about x, y, e, as centres. These are 
what ID geometry ore called centres of curvature^ and the 
radii X N or X A, y B or y B, e G or e E, represent radii 
of curvature, by -which the curvatares at those pointa are 
determined and measured Kow, as the arcs of different 



circles, which subtend equal angles at their respective 
centres are in the direct proportion of their radii, and as 
the arc N A is greater than B D, and that again than G E, 
It follows that the radius N x must be greater than B y, 
and B y than E z Thus it appears that the mutual inter 
sections of the plumb lines will not, as in the sphere, all 
coincide in one point 0, the centre, but will be arranged 
along a certain curve, xy z (which will be rendered more 
evident by considering a number of intermediate 8tationa)L 
To this curve geometers have given the name of the evoluU 
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of Iho cnrro N A B D G B, from whose ceatros of oamtare 
It IS constrocted 

(220 ) In the flattening of a roand fignro at two opposite 
points and its protabcranco at points rectangularly situated 
to tho former, wo recognize the distinguishing feature of the 
elliptic form Accordingly, the next and simplest suppo 
Bition that we can make respecting the nature of the mend 
lan, since it is prored not to be a circle, la, that it is an 
ellipse, or nearly so, ha\ ing N S, the axis of the earth, for 
Its shorter, and E F, the equatorial diameter, for its longer 
axis, and that tho form of the earth's surface is that which 
would arise from making such a curve revolve about its 
shorter axis N S This agrees well with the general coarse 
of the increase of the degree in going from the equator to 
the polo In the ellipse, the radius of curvature at E the 
extremity of tho longer ana is the least and at that of 
the shorter axis, the greatest it admits, and the form of its 
eiolute agrees with that here represented * Assuming then 
that It 13 an ellipse, the geometrical properties of that curve 
enable us to assign the proportion between the lengths of 
its axes which shall correspond to any proposed rate 
of variation m its curvature as well as to fix upon their 
absolnte lengths, corresponding to any assigned length of 
the degree in a given latitude Without troubling the 
reader with the investigation (which may be found in any 
work on the conic sections) it will be sufficient to state 
the results which have been arrived at by the most sye 
tematic combinations of the measured arcs which bare bith 
erto been made by geometers The most recent is that of 


* fcfi oaa 9 / 9reist9 h$it>ogii>g to *I»6 oUier 

qiiadraDta. 
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Bessel,* wlio by a combination of the ten arcs, marked B 
in our table, has conclnded the dimensions of the terrestrial 
spheroid to bo as follovrs: 

rwt mat* 

Or«at«f or equatorial dhmoUir . . . , ^ 41.617,1 B3 — tl>2S COl 

Leaser or polar dumeter — 41,707,311 ^ 7609 114 

DiCerenro of diametera, or polar compreailoQ . » 139,763— 36171 

Proportloa of diameters aa 399 13 to 293 13 

The other combination whose rcsnlt we shall state, is 
that of Mr, Airy,* who concludes as follows: 

Feet jlltai 

Equatorial diameter _ 41,847,426 — 792S 618 

PoLirdiametcr . ... — 41 707,620 — 7899 170 

Polar compre^sIoQ . . — 139,606 — 36 478 

Proportion of diameten aa 399 33 to 293 33 

These conclusions are based on the consideration of those 
IS arcs, to which the letter A is annexed,* and of one other 
arc of 1“ 7' 31* 1, measured in Piedmont by Plana and Car- 
lini, whose discordance with the rest, owing to local causes 
hereafter to be explained, ansing from the exceedingly 
mountainous nature of the country, render the propriety 
of so employing it very doubtful. Be that as it may, the 
strikingly near accordance of the two sets of dimensions is 
such as to inspire the greatest confidence in both. The 
measurement at the Capo of Good Hope by Lacaillo, also 
used in this determination, has always been regarded as 
unsatisfactory, and has recently been demonstrated by Mr. 
Th Maclear to be erroneous to a considerable extent- The 
omission of the former, and the snbstitution for the latter, 
of the far prof arable result of Mad ear’s oecond measurement 


• Scbumachor’* Astronom ache Knehnchtcn, Nos 333, 334 335 438 (1841 )l 

• Eucydoptedi* UetropoUtaua ‘‘Figure of tho Barth” (1831) 

• In those which haTe both A an J B, the n uabers used by Mr Airy difier 
st ghlly from Bessel's, which are those wo hsTo preferred 



186 


OUTLINES or ASTRONOMY 


would induce, however, but a triflmg change in the final 
result 

(221 ) Thus we see that the rough diameter of 8000 miles 
we have hitherto used, is rather too great, the exce <»3 being 
about 100 miles, or ^th part As convenient numbers to 
remember, the reader may bear in mind, that in our lati* 
tude there are just as many thousands of feet in a degree 
of the meridian as there are days in the year (365) that, 
speaking loosely, a degree is about 70 British statute miles, 
and a second about 100 feet, that the equatorial circumfcr 
ence of the earth la a little less than 25,000 miles (24,899), 
and the elhpticity or polar flattening amounts to one SOOlh 
part of the diameter 

(222 ) The two sets of results above stated are placed m 
juxtaposition, and the particulars given more in detail than 
may at first sight appear consonant, either with the general 
plan of this work, or the state of the reader's presumed ac 
quaintance with the subject But it is of importance that 
he should early be made to see how, in astronomy, results m 
admirable concordance emerge from data accumulated from 
totally different quarters, and how local and accidental 
irregularities in the data themselves become neutralized 
and obliterated by their impartial geometrical treatment 
In the cases before ua, the modes of calculation followed 
ate widely different and in each the mass of figures to be 
gone through to arrive at the result, enormous 

(223 ) The supposition of an elliptic form of the earth's 
section through the axis is recommended by its simplicity, 
and confirmed by companng the numencal results we have 
just sot down with those of actual raeasurcment When 
this comparison is executed, discordances, it is true, are 
observed, which, altbougb still too great to bo referred to 
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error of measarement, are jet po small, compared to the 
errors which woold result from the spherical hypothesis, 
as completely to justify our regardin,' the earth as an cllip 
sold, and referring the observed deviations to either local 
or, if general, to comparatively small causes [For § (223 a) 
SCO Note D] 

(224) Now, It 15 highly satisfactory to find that the 
general elliptical figure thus practieaU^ proved to exist, is 
precisely what ought (heoreltcally to result from the rotation 
of the earth on its axis For, let us suppose the earth a 
sphere, at rest, of uniform materials throughout, and ex 
tcrnally covered with an ocean of equal depth in every 
part Under such circumstances it would obviously be m 
a state of equilibrium, and the water on its surface would 
have no tendency to ran one way or the other Suppose, 
now, a quantity of its materials were taken from the polar 
regions, and piled up all around the equator, so as to pro 
duce that difference of the polar and equatorial diameters 
of 26 miles which we know to exist It is not less evident 
that a mountain ndge or equatorial continent, only, would 
be thus formed, down which tbo water would run into the 
excavated part at the poles However solid matter might 
rest where it was placed, the liquid part at least, would not 
remain there, any more than it it were thrown on the side 
of a hill The consequence, therefore, would be the forma 
tion of two great polar seas, hemmed m all round by eqna 
tonal land Now, this is by no means the case in nature 
The ocean occupies, indiiTerently, all latitudes, with no 
more partiality to the polar than to the equatorial Since, 
then, as we see, tbo water occupies an elevation above the 
centre no less than 18 miles greater at the equator than at 
the poles, and yet manifests no tendency to leave the 
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former and run toward the latter, it is evident that it most 
be retained m that situation by some adequate power No 
such power, liowever, would exist m the case we have sup 
posed, which *is therefore not conformable to nature le 
other words the spherical form is not the of egmhb 

rtum, and therefore the earth is either not at rest, or is so 
internally constituted as to attract the water to its equatorial 
regions and retain it there For the latter supposition 
there IS no pnmd facte probability, nor any analogy to 
lead us to such an idea The former is in accordance with 
all the phenomena of the apparent diurnal motion of the 
heavens and therefore, if it will furnish us with the power 
in question we can have no hesitation in adopting it aa 
the true one 

(225) hfow, everybody knows that when a weight la 
whirled round, it acquires thereby a tendency to recede 
from the centre of its motion, which is 
called the centrifugal force A stone 
whirled round m a sling is a common 
illustration, but a better, for our present 
purpose will bo a pail of water, suspended 
by a cord, and made to apm rounds wbde 
the cord hangs perpendicularly The sur 
face of the water instead of remaining 
horizontal will become concave, as in the 
Bgure The centrifugal force generates a 
tendency m all the water to leave the 
axis, and press toward the circumference, 
^ It 13, therefore, urged against the pad and 
^ forced up its sides till the excess of lieightf 

and consequent increase of pressure downward, just counter 
balances its centrifugal force, and a state of eqinldrtum la 
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attained The expenmeot is a ^cry easy and instractive 
one, and is admirably calcolated to show hov7 {he /irrm of 
equxltbrxurt\ accommodates itself to >'irying circumstances 
If, for example, wo allow the rotation to cease by degrees, 
03 xt becomea slower we shall see the concavity of the water 
regularly dimmish, the elevated outward portion will de 
scchd, and the depressed central nse, while all the time 
a perfectly surface is maintained, till the rotation is 

exhausted, when the water resumes its honzontal state 

(226 ) Suppose, then, a globe, of the size of the earth, at 
rest, and covered with a uniform ocean, were to bo set 
in rotation about a certain axis, at first very slowly, but by 
degrees more rapidly, till it turned round once in twenty 
four hours, a centrifugal force would be thus generated, 
whose general tendency would bo to urge the water at e\cry 
point of the surface to recede from the axis A rotation 
might, indeed, be conceived so swift as to Jlirt the whole 
ocean from the surface, like water from a mop But this 
would require a far greater velocity than what we now 
speak of In the case supposed, the toeight of the water 
would still keep it on the earth and the tendency to recede 
from the axis could only be satisfied, therefore by the water 
leaving the poles, and flowing toward the equator, there 
heaping itself up m a ndge, just as the water in our pail 
accumulates against the side, and being retained in oppo 
Bition to its weight, or natural tendency toward the centre, 
by the pressnre thus caused This however, could not 
take place without laying dry the polar portions of the 
land m the form of immensely protuberant continents, 
and the difference of oar supposed cases, therefore is 
this — in the former, a great equatonal continent and polar 
seas would be formed in the latter, protuberant land would 
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appear at the poles, and a 7one of ocean be disposed around 
the equator Tins would be the drat or immediate effect 
Let us now see what would afterward happen, in the two 
cases, if things were allowed to tahe their natural course 
(227 ) The sea is constantly beating on the land, grinding 
it down, and scattering its worn off particles and fragments, 
in the state of mud and pebbles, over its bed Geological 
facts afford abundant proof that tho existing continents 
haie all of them undergone this process, even more than 
once and been entirely torn in fragments, or reduced to 
powder, and submerged and reconstructed Land, m this 
view of the subject, loses its attnbute of fixity As a mass 
it might hold together in opposition to forces which the 
water freely obeys, but in its state of successive or simul 
taneous degradation, when disseminated through the water, 
m the state of sand or mud, it is subject to all the impulses 
of that fluid In the lapse of time then, the protuberant 
land in both cases would be destroyed, and spread over the 
bottom of the ocean, filling up the lower parts and tending 
continually to remodel the surface of the solid nuclens in 
correspondence with the form of equilibrium in both cases. 
Thus, after a sulScient lapse of time in the case of fin earth 
nt rest the equatorial contiDent thus forcibly constructed, 
would again be levelled and transferred to the polar excava 
tioQs, and the spherical figure be so at length restored In 
that of an earth m rotation, the polar protuberances would 
gradually be out down and disappear, being transferred 
to the equator (as being then the deepest sea) till the earth 
would assume by degrees the form we observe it to have — 
that of a flattened or oblate ellipsoid 

(228 J We are far from meaning here to trace the procesa 
btf wbicA the earth really assumed its actual form, all we 
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intend IS, to show that this is the form to which, under 
the conditions of a rotation on its axis, it must tend, and 
which It would attain, even if ongmallj and (so to speak) 
preveraely constituted otherwise 

(229 ) But, further, the dimensions of the earth and the 
time of Its rotation hemg known, it is easy thence to calcu 
late* the exact amount of the centrifugal force,* which, at 
the equator, appears to be 4tth part of the force or weight 
by wbich all bodies, whether solid or liquid, tend to fall 
toward the earth By this fraction of its weight, then, the 
sea at the equator is lighlentd^ and thereby rendered bus 
ceptible of being supported on a higher level, or more 
remote from the centre than at the poles, where no such 
counteracting force exists, and where, in consequence, the 
water may be considered as tpecijically heavier Taking 
this principle as a guide, and combining it with the laws 
of gravity (as developed by Newton, and as hereafter to be 
more fully explained), mathematicians have been enabled 
to investigate, d prior*, what would be the figure of equilib 
Tium of such a body, constituted internally as we have 
reason to believe the earth to be, covered wholly or par 
tially with a fluid, and revolving uniformly in twenty four 
hours, and the result of this inquiry is found to agree very 
satisfactorily with what experience shows to be the ease 
From their investigations it appears that the form of equi 
librium 13, in fact, no other than an oblate ellipsoid, of a 
degree of elhpticity very nearly identical with what is ob 
served, and which would be no doubt accurately so, did 
we know, with precision, the internal constitution and 
materials of the earth 


• Newton s Princ p a, iu. Prop 19 
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(280.) The confirmation thus incidentally furnished,* of 
the hypothesis of the earth’s rotation on its axis, cannot 
fail to strike the reader. A deviation of its figure from 
that of a sphere was not contemplated among the original 
reasons for adopting that hypothesis, which was assumed 
solely on account of the easy explanation it oSers of the 
apparent diurnal motion of the heavens. Yet we see that, 
once admitted, it draws with it, as a necessary consequence, 
this other remarkable phenomenon, of which no other satis- 
factory account could be rendered. Indeed, so direct is 
their connection, that the ellipticity of the earth's figure 
was discovered and demonstrated by Kewton to be a conse- 
quence of its rotation, and its amount actually calculated 
hy him, long before any measurement had suggested such a 
conclusion. As we advance with our subject, we shall find 
the same simple principle hranching out into a whole train of 
singular and important consequences, some obvious enough, 
others which at first seem entirely unconnected with it, and 
which, until traced by Kewton up to this their origin, had 
ranked among the most inscrutable arcana of agtronomyt 
ns well as among its grandest phenomena, 

(231.) Of its more obvious consequences, we may here 
mention one which falls naturally within our present snb- 
ject. It the earth really revolve on iLs axis, this rotation 
most generate a centrifugal force (see art. Z2S), Iho effect 
of which must of course be to counteract a certain portion 
of the tififfht of every body situated nt ibo equator, as com- 
pared with Its n eight Bt the poles, or in any intermediate 
latitudes. Now, tins is fully confirmed by experience. 
There is actually observed to exist a difference in the 
i/raiily, or ilownwanl tendency, of one and the same body, 
when conveyed successively to stations in different lati- 
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tudea Eipenment<? made with tbe great<»t care, and in 
every accessible part of the globe, Lave fally demonstrated 
the fact of a regular and progressiv o increase in the "weights 
of bodies correapo tiding to the increase of latitude, and fixed 
Its amount and the law of its progression From these it 
appears, that the extreme amount of this variation of 
graVitj , or the difference between the equatorial and polar 
weights of one and the same mass of matter, is 1 part m 
194 of Its whole weight, the rate of increase in travelling 
from the equator to the pole being oi /A-* ^ the s\ne 

of Oie latitude 

(232 ) The reader will here naturally inquire what is 
meant by speaking of the same bod^ as having different 
weights at different stations, and, Uou such a fact, it true, 
can be ascertained When we weigh a body by a balance 
or a steel yard we do but counteract its vi eight b} the equal 
weight of another bod} under the very same circumstances, 
and if both tbe body weighed and its counterpoise be re 
moved to another station, their gravity, if changed at all, 
"Will bo changed equally, so that they will still continue 
to conoterbalance each other A difference in the intensity 
of gravity could, therefore, never be detected by these 
means, nor is it m this sense that we assert that a body 
■weighing 194 pounds at the equator will weigh 195 at the 
pole If counterbalanced m a scale or steel yard at the 
former station, an additional pound placed in one or other 
scale at the latter would mevitabl} sink the beam 

(233 ) The meaning of the proposition may be thus ex 
plained — Conceive a weight x suspended at the equator 
by a string without weight passing over a pulley. A, and 
conducted (supposing such a thing po sible) over other 
pulleys such as B, ronnd the earth s convexity, till the 
Astsoxojjt— To) SIS— D 
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other end hung down nt the pole, ond there fta«ta»ned 
the wetghty If, then, the weights x «nd y were each ne, 
c ot any one etatjon, equatorial or polar, 
would exactly countorpoiee each other 
I on a balance, or when auapended aide 
/ / \ bj Pido o\ cr a ainglo pulley, the> would 

i not counterbalance each other in this 

^ Buppoacd situation, but the polar weight 

a y would prepondemto, ond to restore 

the equipoise the weight x must bo increased by ,hth part 
of Us quantity 

(234 ) The means by winch this \ anation of gravilj may 
bo shown to exist, and its amount measured, are twofold 
(like all estimatiODs -of mechanical power) statical and dy 
nanucal The former consists in patting the gra\ity of a 
weight in equilibrium, not with that of another weight bat 
with n natural power of a different kind not liable to bo 
affected by local situation Such a power is the elastic 
force of a spring Let A B C be a strong support of brass 
standing on the foot A E D cast in ono pieco with it, into 
which IS let u smooth plato of agate, B, which can be ad 
pasted to perfect honzontahtj by a level At C let a spiral 
spring G be attached, which carries at its lower ond a weight 
r, polished and convex below The length and strength 
of the spring must be so adjusted that the weight F shall 
be sustained by it just to swing clear of contact with the 
agate plate m the highest latitude at which it is intended 
to use the instrument Then, if small weights be added 
cautiously, it may be made to descend till it just grazes the 
agate, a contact which can be made with the utmost imagt 
nablc delicacy Let these weights be noted the weight F 
detached, the spring G carefully lifted off its hook, and 
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and the whole apparatus conxejed to a station tn a lower 
latitude It will then be found on remounting it, thntf 
although loaded with the same additional weights ns before, 
the weight F will no longer hate power enough to stretch 
the spring to the extent n imrcd for pro 
during n similar contact iloro wcigiits 
will require to be added, and the a Idi 
tional quanlit) necc««sar) will, it is ovi 
dent measure the difTerenco of graaity 
between the two stations ns extrted on 
the whole quantity of pendent matter, 

I e the sum of the weight of F and hnlf 
that of the spiral spring itself Cirnnting 
that a spiral spring can bo tonalructod 
of such strength and dimensions that a 
weight of 10 000 grains including its 
own, shall produce an elongation of 10 inches without 
permanently straining it ’ one additional grain will pro 
duco a further extension of „hith of an inch, a quantity 
which cADiJot 2''os,sjbJy I>o mjslahen wj such a contact aa 
that in question Thus wo should bo pro\uled with the 
means of measuring the power of gravity at any station to 
within loJgoth of Its whole quantity 

(285 ) The other, or dynamical process bj which the 
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forte urging nnj given weight to tlio e«rtlt ma) be deter 
tinned, conmsta in ti^ccrtaming tlio selocitj impirted by it 
to the weight when pufftred to fall freel) in ft given time, 
ftfl one iiecnnd Tins velocity cannot, indeed, be dirocUy 
jncftHiired, but indirectly, the pnnciijle'i of mechanicH far 
nub nri cnj and certain means of deducing it, and, con5e 
qncntl), the inteniitj of gravity, by observing the oscflla 
lion« of ft pendoUim It is proved from mechnnical pnn 
riplcs,* that, if ono and the same pendulum bo made 
to o<cilhto lit different Rtationp, or under the influence 
of dilltrent forcep, and the numbers of opcil]atioop made id 
the eatno time in each case bo countcil the intensities of the 
forces will bo to each other as the squares of the numbers 
of oocillalions made, and tliup their proportion becomes 
known For instance it ir found thnt, under tho equator, 
ft pondiilum of a certain form and length makes 8t 400 
vibratiODP in a mean solar day, and that when transported 
to London, tho same pendulum makes 86 635 vjhratioBs in 
the same time Hence we conclude, that the intensity of 
tho force urging the pendulum downward at the equator 
IS to that at London as (86 400)’ to (86 6S5) * or as 1 to 
1 0031C, or in other words, that a mass of matter weighing 
in London 100 000 pounds, exerts the same pressure on the 
ground, or tho same effort to crush a body placed below it, 
that 100 815 of the same j^ounds transported to the equator 
■would exert there 

(236) Experiments of this kind have been made, as 
above stated, with the utmost care and minutest precaution 
to insure exactness in all accessible latitudes, and their 
general and final result has been, to give dt for the fraction 
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expressing the iliticrence of graMtj at the equator and 
poles Now, It will not fail to be noticed by the reader, 
and will, probably, occur to him as an objection against 
the explanation here given of the fact by tht earth s rota 
tion, that this diHers materially from the fraction Jj, express 
mg the centrifugal forte at the equator The difference by 
which the former fraction exceeds the latter is ,1„ a small 
quantity in itself, but still far too large, compared with the 
others ID question, not to be distinctly accounted for, nnd 
not to prove fatal to this explanation if it will not render 
n strict account of it 

(237 ) The mode in which this difference arises affords 
a canons and instructive example of the indirect inflnence 
which mechanical causes often exercise, and of wluch as 
tronomy furnishes innumerable instances The rotation of 
the earth gives nse to the centnfugal force, the centrifugal 
force produces an elhpticity in the form of the earth itself, 
and this very elhpticity of form modifies its power of attrac 
tioQ on bodies placed at its surface, and thus gives nse to 
the difference m question Here, then, we have the same 
cause exercising at once a direct and an indirect inQuence 
The amount of the former is easily calculated, that of the 
latter with far more difficulty, by an intricate and profound 
application of geometry, whose steps we cannot pretend to 
trace in a work like the present, and can only state its 
nature and result 

(238 ) The weight of a body (considered ns undiminished 
by a centnfagal force) is the effect of the earth’s attraction 
on iL This attraction, as Newton has demonstrated, con 
Bists, not in a tendency of all matter to any one particular 
centre, but in a disposition of every particle of matter m 
the universe to press toward, and if not opposed to approach 
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to, every other The attraction of the earth, then, on a 
body placed on its surface, is not a simple but a complex 
force, resulting from the separate attractions of all its parts 
Now, It 13 evident, that if the earth were a perfect sphere, 
the attraction exerted by it on a body placed anywhere on 
Its surface, whether at its equator or pole, must be exactly 
alike — for the simple reason of the exact symmetry of the 
sphere in every direction It is not less evident that, the 
earth being elliptical, and this symmetry or similitude of 
all its parts not existing, the same result cannot bo expected 
A body placed at the equator, and a similar one at the pole 
of n Sattened ellipsoid, stand in a diEerent geometrical rela 
tton to the mass as a whole This difference, withont enter 
mg further into particulars, may be expected to draw with 
it a difference in its forces of attraction on the two bodies 
Calculation confirms this idea It is a question of purely 
mathematical investigation, and has been treated With per 
feet clearness and precision by Newton, Jtaclaunn, Clairaot, 
and many other eminent geometers, and the result of tbcir 
investigations is to show that, owing to the elliptic form of 
the earth alone, and independent of the centrifugal force, 
Its attraction ought to increase the weight of a body in going 
from the equator to the polo by almost exactly ,J,th part, 
which, together with ^th due to the centrifugal force, make 
Up the whole quantity, obicrved 

(239 ) Anotht,r great geographical phenomenon, which 
owes Its oxialenco to the earth’s rotation, is that of the 
trade winds These mighty currents in our atmosphere, on 
which so important a part of navigation depends, onse from, 
Ist the unequal exposure of the earth’s surface to the sun’s 
rays, by whicb it is unequally healed m different Intiltidca, 
and, 2dly, from that general law in the consiituiioa of all 
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flmds, tn \irtue of which the^ occupy » larger bulk, and 
become specifically lighter when hot than when cold These 
causes, combined with the earth’s rotation from west to east, 
afford an ea-f) and satisfactory explanation of the magnifi 
cent phenomena in question 

(210) It 13 a matter of obsened fact, of which wo shall 
gt%e tho explanation further on, that the sun is constantly 
^erttcal over some one or other part of the earth between 
two parallels of latitude, called the tropics, respectively 23,’ 
north, and as much south of the equator, and that the whole 
of that zone or belt of the earth’s surface included between 
the tropics, and equally di\ ided by the equator, is, in conse 
quence of the great altitude attained by the sun m itsdiurnnl 
course, maintained at a much higher temperature than thu&c 
regions to the north and south which he nearer the poles • 
Kow, the heat thus acquired by the earth s surface is com 
inumcated to the incumbenl air, which is thereby expanded, 
and rendered specifically lighter than the air incumbent on 
the rest of the globe It is, therefore, m obedience to the 
general laws of hydrostatics, displaced and buoyed up from 
the surface, and its place occupied by colder, and therefore 
heavier air, which glides in, on both sides, along the sur 
face, from the regions beyond the tropics while the dis 
placed air, thus raised above its due level, and unsnstained 
by any lateral pressure, flows over, as it were, and forms an 
upper current in the contrary direction, or toward the poles, 
which, being cooled in its course, and also sucked down to 
supply the deficiency in the extra tropical regions, keeps 
up thus a continual circulation That this is a real cause 

» Firtl d«tmcUy delirored b7 H&dler though oft«n crroacously attributed 
to liUlmuDd Usltey whose theory of the trade winds » altogether erroneoua 
(See Dove, Mcteorol Unterauchuogeo, p 23T ) 
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(yera causa) is placeil id complete evidence by the genera^ 
fact that the atmospheric pressure at the surface of the sea 
dummshes regularly from either tropic to the equator, 
•where the barometer stands habitually about 0^ 2 lower 
than in the temperate zones 

(241 ) Since the earth revolves about an axis passing 
through the poles, the equatorial portion of its surface has 
the greatest velocity of rotation, and all other parts less m 
the proportion of the radii of the circles of latitude to which 
they correspond Bat as the air, 'when relatively and ap 
patently at rest on any part of the earth’s surface, is only 
BO because in reality it participates m the motion of rotation 
proper to that part, it follows that when a mass of air near 
the poles is transferred to the region near the equator by 
any impulse urging it directly toward that circle, in every 
point of its progress toward its new situation it must be 
found deficient m rotatory velocity, and therefore unable 
to beep up with the opeed of the new surface over which 
It 13 bronght Hence, the currents of air which set in 
toward the equator from the north and south must, as 
the^ glide along the surface, at the same time lag, or hang 
back, and drag vpon it in the direction opposite to the earth a 
rotation t e from east to west- Thus these currents, which 
but for the rotation would be simply northerly and southerly 
winds, acquire from this cause, a re/aiitc direction toward 
the west, and assume the character of permanent north 
easterly and southeasterly winds 

(242 ) 'Were any considerable mass of air to bo tuddenly 
transferred from biyond the tropics to the equator, the 
difference of tho rotatory velocities proper to the two si ton 
tions would be "o great as to prodaco not merely a wind, 
but a tempest of the most destructive violence- But this 
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IS not the caso the ad\ ance of the air from the north and 
south IS gradual, and all the while the earth is contmuallj' 
acting on, and by the friction of its surface accelerating 
its rotatory velocity Supposing its progress toward the 
equator to cease at anj point, this cause would almost im 
mediately communicate to it the deficient motion of rota 
tion, after which it would revolve quietly with the earth, 
and be at relative rest We have only to call to mind the 
comparative thinness of the coating which the atmosphere 
forms around the globe (art 35) and the immense mass 
of the latter, compared with the former (which it exceeds 
at least 1,200,000 times), to appreciate fully the influence of 
any extensive territory of the earth over the atmosphere 
immediately incumbent on it, in destrojing any impulse 
once gi%en to it and which is not continually renewed 

(243 ) It follows from this, then, that as the winds on 
both sides approach the equator their easterly tendency 
must dimmish ’* The lengths of the diurnal circles increase 
very slowly in the immediate vicinity of the equator, and 
for several degrees on either side of it hardly change at all 
Thus the friction of the surface has more time to act in 
accelerating the velocity of the air, bringing it toward 
a state of relative rest and diminishing thereby the relative 
set of the currents from east to west which, on the other 
band, is feebly, and at length not at all reinforced by the 
cause which originally produced it Arrived, then at the 
equator, the trades must be expected to lose their easterly- 
character altogether But not only this but the northern 
and southern currents here meeting and opposing, will 

•• Bee Csy^ain Hall h FrajmenU of Voyages and TraTels 2d Benea toL 1 
p 1S3 -where Ihls Is Terry d^tbicUy and ao far aa X am aware for the first 
tunc teaaooed out. 
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mutually destroy each other, leaving only such preponder* 
ancy ns may bo duo to a difference of local causes acting 
in the two hemispheres — which in some regions around the 
equator may he one way, in some another. 

(244 ) The result, then, mast be the production of two 
great tropical belts, in the northern of which a coDstant 
northeasterly, and in the southern a southeasterly, wind 
must prevail, while the wmds in the equatonal belt, which 
separates the two former, should be comparatively calm 
and free from any steady prevalence of easterly character. 
All these consequences are agreeable to observed fact, and 
the system of aerial currents above described constitutes la 
reality what is understood by the regular Ircids uxnds 

(245 ) The constant fnction thus produced between the 
earth and atmosphere in the regions near the equator must 
(it may be objected) by degrees reduce and at length destroy 
the rotation of the whole ma^s The laws of dynamics, 
however, render such a consequence, generally, impossible; 
and It IS easy to see, in the ppc^ent case, where and how 
the compensation taLes place The heated equatorial air, 
while it rises and hows over toward the poles, carries with 
it the rotatory velocity due to its equatorial situation into 
a higher latitude, where the earth’s surface has less moUon. 
Hence, as it travelg northward or southward, it will ^atn 
continually more and more on the surface of the earth in 
its diornal motion, and assnmo constantly more and more a 
ttesferfy relative direction, and when at length it returns 
to the surface, in its circulation, which it must do more or 
less in all the interval between the tropics and the poles. 

It Will act on it by its fnction as a powerful southwest wind 
in the northern hemisphere^ and a northwest in the southern, 
and restore to it the impulse taken up from it at the equator. 
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We have here the ongio of the southwest and westerly gales 
80 prevalent in our latitudes, and o! the almost universal 
westerly winds in the North Atlantic, which are, in fact, 
nothing else than a part of the general system of the re 
action of the trades, and of the process by which the cqni 
librinm of the earth’s motion is maintained under their 
action 

(245 c ) If m any region of the earth a surface, where 
the latitude is considerable, and where, in consequence the 
circumference of the dmrnal circles described by points on 
the same meridian a few degrees asunder differ considerably, 
an impulse (from whatever cause arising) from the pole 
toward the equator be communicated to a portion of the 
atmosphere covering several square degrees, an observer 
situated on the equatonal limit of the area so disturbed will, 
in the first instant of the disturbance, experience a wind 
blowing directly from the pole, ? c a north wind in the 
northern hemisphere and a south m the southern To fix 
oar ideas suppose him situate m north latitude and beyond 
the tropic The air which reaches him in the first instant, 
arising from a place m his immediate vicinity, has the same 
diurnal rotatory velocity with himself, and will therefore 
have no refahte movement westward But the southward 
movement of the whole mass of air continuing, the wind 
which subsequently reaches his station arriving from lati 
tudes continually more and more north, and therefore set 
ting out with a rotatory velocity continually more and more 
inferior to that of the observer, will lag more and more be 
hind the easterly motion of the earth’s surface at his station, 
and will therefore become, relatively to him, more and more 
of an east wind In other words, a wind commencing to 
blow from the north will not continue long to do so, but 



204 


OUTLIliES OF ASTROI^Om 


Will “draw toward the east,” veenng gradually round to 
K IT E and N E , vice versd if the impulse of the mass 
of air b© from south to north. The first impre'^sion on the 
observer will be that of a south wind, which in the progress 
of time will veer round through S S W to S W , and so 
inuta(i3 mutandis in the other hemisphere, and thus arises 
a general tendency of the wind m extra tropical latitudes 
to veer in a fixed direction, or “to follow the sun,” which 
meteorological observation very decisively confirms as a 
matter of fact, and is therefore ^ro tanto a proof of the 
reality of the assigned cause '* 

(246 t ) It IS, however, in those tremendous visitations 
called “hurricanes,' which sweep across land and sea with 
a devastating power exceeded only by the earthquake, that 
we find the moat striking verification of the principle above 
stated Suppose that in any locality in the northern hemi 
sphere some considerable portion of the surface, whether of 
se'i or land, should become so much more heated by the 
sun's rays than that surrounding it, as to determine an up- 
ward movement in the air above it in the nature of an 
ascending column, thereby giving rise to a diminished 
barometric pressure, and as a necessary consequence to 
an indraught of air from all quarters toward the heated 
area Those portions which arrive from the east and west, 
participating in the entire diurnal movement corresponding 
to the latitude, will simply meet and bo burned upward, 
without any tendency to gyrate round a centre But tho 
portions which arrive from the northward will all reach 
tho heated region or its immediate confines with a modified 
power Those which come from tho nortlicasterly quadrant 


8«e Article iTeteorployy, Encyc Drit. § 70 
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■will have their weaterl} force increased, and those from the 
northwest quadrant, their eaaterlj force diminished, so that 
in arriving from the northward, the general carront setting 
to the heated region will have assumed a tendency from 
cast to west, and in arriving from the southward from 
west to cast, and these portions being drawn up together 
intd the ascending colnmn, will necessarily ossamc a rota 
tion round its general axis in the direction N W S E 
whereas, were the earth at rest, the air coming in from all 
quarters with equal force, each particle would make direct 
for the centre, and simply he thrown up \ crtically without 
any gyration 

(245 e ) The rotation thus giv en to the ascending column 
in the northern hemisphere is in a direction contrary to'tbat 
of the hands of a watch face upward which we may terra 
retrograde And by a similar reasoning, in the southern 
it will be seen that a contrary or direct rotation ought to 
arise from the operation of the same causes It is, more 
over, obvious, that the energy of the vortex so produced 
must be, cteferw paribtts proportional to that of its efRcient 
causes In high latitudes there is a deficiency of solar 
heat to produce a powerful ascensional current On and 
about the equator on the other hand though heat be 
abundant the other efficient cause viz a considerable 
difference of diurnal rotatory velocity, is absent Such 
movements therefore cannot exist on the equator and 
their intensity will chiefly be confined to regions m 
moderate latitudes 

(245 d) Now every one of these particulars is in exact 


’ Bee Encyclop Bnt § 13 for the complete reasoning out o( 

this process. 
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confotmity with the history of those humcanea, or cyclones, 
as they have been called, from their revolving character, 
which infest the Atlantic along the east coasts of the ITnited 
States and the West Indies, the Indian Ocean, and (under 
the name of typhoons) the China seas Their extent and 
violence are frightful, their rotation in the same hemi 
sphere is invariably the same, and m each, that which 
theory indicates, and they are utterly wanting on the 
equator This grand result, the establishment of which 
we owe to the labors of Mr Bedfield, Sir W Beid, and 
Mr Fiddington, forms a capital feature in the array of 
evidence by which the rotation of the earth, as a physical 
fact, is demonstrated 

(24S e ) Another class of phenomena, inexplicable ox 
cept on the hypothesis of the earth’s rotation on its axis, 
but flowing easily and naturally from the admission of that 
principle, has, within a few years from the present time, 
been brought under our inspection by M Foucault If a 
heavy mass of metal (a globe of lead, for example) be sus 
pended by a long wire from a solid and perfectly fixed sup* 
port, over the centre of a plane table of a circular form, and, 
being drawn aside from the perpendicular (suppose in the 
direction of the meridian) be then allowed to oscillate, tak 
ing extreme care to avoid giving it any lateral motion (which 
may be accomplished by drawing it aside by a fine thread, 
and, when quite at rest, burning off the thread), it will of 
course commence its oscillations in the plane of the mend 
lan But when watched attentively, marking on the table 
the points of Us circumference, from time to time, opposite 
to Its points of extreme excnrsion, it will m a few minutes 
be seen to have (apparently) shifted its plane of motion, the 
northern extremity of its excursions to and fro having tnta 
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rtally gone round in azimuth lovard the east, and On southern 
toward the west {supposing the experiment made in the northern 
hemisphere — tnce versd in On «o«Mfrn). AUhoagh in a few 
oscillations the deviation is too small to be readily per- 
ceived, it at length becomes apparent that the path traced 
on the table by the projection of the centre of the globe, in- 
stead of being a rigorous straight line, as xt mast bo accord- 
ing to the laws of dynamics, were the table at rest, is, in 


JV-*- 



reality, a looped curve of the form here shown {fig. o) (the 
intervals of the loops being mneh exaggerated), all of them 
passing through the centre of the table 

(245/.) It 13 evident that such a motion is quite different 
from that which a small lateral motion accidentally commu- 
nicated to the pendulous body would produce The effect 
of such an impulse would be to mate the central mass de- 
sonb© a senes of elongated ovals, a kind of elliptic spiral, 
the convolutions of which would pass, not through^ but 
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^c^ olving round ono of ita^axca of permanent rotatton, an<f 
free from any disturbing ottachtoent to surrounding objects, 
will preserve its piano of rotation unaltered Imagine a 
metallic disk, thm m the centre but Ver> thick at the cir 
curaferenco so as to present in section tho figure A B, to bo 
fixed on an axis C D, perpendicular to its plane which turns 



in pivot holes C JD, on opposite ends of the diameter of a 
ring of metal, which is itself provided with exterior pivQts 
on the extremities of a diameter st right angles to the 
former, and let these rest in pivot holes E F, at the lower 
ends of a semicircular metallio arc E G F, supported from 
its middle G by a torsionless suspension such as may be 
formed by attaching a thread to a hook at the lower end of 
a steel arm, terminating in an inverted conical point resting 
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in a polished agate 'cup as at II. , The whole of this appa- 
ratus is to be executed with extreme delicacy, and with 
every precaution to secure perfect equilibrium and freedom 
from iriclion in the pivots. Suppose now that by some 
SufTicient mecbani^l means an exceedingly rapid rotation 
is communicated to the disk which is then abandoned to 
itself. It \i evident then, let, that it may be eet in rotation 
originally in any given plane, and, 2dly, that however that 
initial piano be situated, it will thenceforward continue to 
rotate in that plane, since the mode of suspension is such as 
to exercise no control over it, in that respect. If the disk 
bo heavy, the initial rotation very rapid (and especially if 
suspended in vacuo) the motion will be kept up for a con- 
siderable tune — quite long enough to exhibit the phenomena 
due to the earth's rotation. 

(245 * ) There being no action exerted by either the 
pivots or the suspension which can affect the plane of rota- 
tion, this will necessarily continue unchanged, so that the 
axis G D about which it spina will remain parallel to itself, 
however the point of suspension may be varied in place by 
bodily transfer of the whole apparatus, or tn relalite posu 
lion by change in the absolute direction of gravity conse- 
quent on the earth’s diurnal rotation. Suppose then the 
axis 0 B to point at any instant to a given dxed star, then 
if the earth were at rest and the diurnal movement of the 
starry heavens real, it could not continue so to point, since 
the star would move away out of its line of direction, and 
would appear to leave it behind. The contrary however is 
the case. The axis of the disk continues to point to the star 
80 fong as tie tfisi itoefif confinnes to revofve, anrf, couW iiis 
rotation be kept np for twenty-fonr hours, would doubtless 
continue to follow it through its whole diurnal circle both 
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round the centre, as here represented (Jig 6), and ihai in 
differently m one direction or the other, according to the 
accident of the lateral imp also On the other hand, the 
observed effect is precisely such as would take place, sup 
posing the plane of oscillation to remain invanable, and the 
table to revolve beneath it in its own plane in a contrary 
direction (from north to west) with an angular motion duly 
adjusted Supposing the oscillating ball to leave a trace on 
the table so turning, that trace would evidently be such a 





one as described in the preceding article and if we admit 
the rotation of the earth, it is a fact that the table though 
unperceived by ns does so turn It is not transferred by 
the earth a rotation bodily to the eastward by a parallel 
movement of ail its parts The southern extremity of its 
meridional diameter S is earned m a given time (suppose one 
minute) more to the eastward than the northern so that it 
has virtually rotated in its own piano through an angle cor 
responding to the difference o! these two movements of 
transference 
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(245 Q ) This difference la a maximum at the pole (where 
It 18 obvious that the table turns entirely m its own phno, 
as the earth’s surface there docs), and it is nif at the 
equator, where, in consequence, the experiment would be 
made m vam (the entire rotation of tho table there being in 
a plane perpendicular to its own); and generally the effect 
wiU'bo more stnkingly developed m high than in low lati- 
tudes To show this more clearly, suppose P tho north 
pole, C tho centre of tho earth, C P Q its axis prolonged, 
A B two 8uccc‘»sivo positions of the table at an interval of 
one minute of time, during which tho 
meridian A P has rotated through an 
angle of 0® 15 round P to the position 
B P Tho plane of the table, being a 
tangent to the earth's surface, will, if 
produced (whether it be at A or B) 
meet the axis at Q the vertex of a 
cone having for its base the diurnal 
circle of the place of observ ation Dur 
ing the small interval in question, the 
portion A Q B of this conical surface 
may be regarded as plane, and the motion of the table will 
be the same as if it formed a part of that plane, and revolved 
round a piv ot at Q, tho meridional diameter a a being trans 
ferred into tho position h b making with a a an angle equal 
to A Q B Now this angle at the equator is ml, the summit 
of the cone being there infinitely remote, whereas, on the 
pole it IS identical with tho spherical angle APB, tho 
table there rotating about its own centre 

(246 A ) The gyroscope is an instrument devised by M 
Foucault to exhibit the same sort of effect in another man- 
ner It depends on the very obvious principle that a body 
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tovolving round 000 of its^axcsof permaneot rotation, ani 
free from any distorbing attachment to surrounding objects, 
will preserve its piano of rotation unaltered Imagine a 
metallic disk, thm xn the centre but Very thick at the cir 
cumference b'd as to present in section the figure A B, to bo 
fixed on au axis 0 D, perpendicular to its plane which turns 



in pivot holes C D, on opposite ends of the diameter of a 
ring of metal, which is itaelf provided with exterior pivQts 
on the extremities of a diameter at right angles to the 
former, and let these rest in pivot boles E F, at the lower 
ends of a somicircular metalho arc E G F, supported from 
its middle G by a torsionless suspension, such as may be 
formed by attaching a thread to a hook at the lower end of 
a steel arm, terminating in an inverted conical point resting 
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in a polished agate cup as at 11 The vrholo of this appa. 
ratus 13 to be executed with extreme delicacy, and with 
every precaution to secure perfect equilibrium and freedom 
from friction m the pivots Suppose now that by some 
SufGcicnt mechanical means an exceedingly rapid rotation 
13 communicated to the disk which is then abandoned to 
itself It evident then, Ist, that it may be set m rotation 
ongmally in any giicn piano, and, 2dly, that howcicr that 
initial plane be sitnated, it will thenceforward continue to 
rotate in that plane, since the mode of suspension is such os 
to exercise no control over it, in that respect If the disk 
be heaiy, the initial rotation very rapid (and especially if 
suspended in vacuo) the motion will be kept up for a con 
siderable time — quite long enough to exhibit the phenomena 
due to the earth r rotation 

(245 t ) There being no action exerted by either the 
pivots or the snspension which can affect the plane of rota 
tion, this will necessarily continue unchanged so that the 
axis G D about which it spins will remain parallel to itself, 
however the point of suspension may be varied tn place by 
bodily transfer of the whole apparatus or in relative poet 
hon by change in the absolute direction of grai ity conse 
qnent on the earth s diurnal rotation Suppose then the 
axis O D to point at any instant to a given fixed star, then 
if the earth were at rest and the diurnal movement of the 
stany heavens real, it could not continue so to point, since 
the star would move away out of its line of direction and 
would appear to leave it behind The contrary however is 
the case The axis of the disk continues to point to the star 
BO fong as tie drsri-iteBiVcotrtraues to tvmilrv, seed, coaid ii& 
rotation be kept up for twenty four hours, would doubtless 
continue to follow it through its whole diurnal circle both 
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ftlviro nntl below tlio honxon, nlTonbnf; iVius a. clear ocular 
<leinon«tration of llio cnrtb’n rotRtion, sinto if a hne» of 
who^o fixrt^ of <lircttion wo arc ^pnort fuee, Appear to rarf 
m position wiih rc^ptci to lltc \iBibta horuon and nurround 
mg objects tt ennnot be but that Oiat horizon nnd tboae ter 
rcatriftl jwmtfl of reference bate, ihtni5elve«j, shifted m poai 
tion bj n corrc>j>onding opposite morcraefji 

(21uj) ff the conditions of suspension bo sach as to 
limit the axis of rotation of the disk to a plane holding a 
dclerrtiinaio position with respect to the horizon, as, lor 
jnstanee, that of the bonzon itself, or of the jiicndian of the 
place, Its mo\cmeiitii are in ennformitj with what the pnn 
ciplcs of djnamics indicate ns the result of a composition of 
the free rotation of the disk and that of the earth eo partial}/ 
communicated to it We shall not however pursue the sub 
jeet into these details The student will find them locidl/ 
explained b/ Professor Powell in the monthly notices of 
the Astronomical Society for April, 1855 The mechancal 
fact on which the whole theory turns (the powerful resist 
nneo opposed by a rapidly revolving heavy body to a change 
of position m its axis of rotation) may be brought under the 
evidence of the aenses by the following simple ond elegant 
experiment Let any one detach an 18 inch terrestrial globe 
from Its wooden frame, and, holding it by the brass mend 
lan with the plane of that citclo horizontal, let a rapid rota 
tion be given to the globe by an assistant. So long as no 
attempt is made to alter the position of the axis, the only 
sensation experienced by the bolder will be the effort of sus 
taming the weight of the globe, just as tf it were at resL 
But 80 Boon as he attempts to shift the direcCton of the axis, 
whether in a honzontal, a vertical, or any other plane, he 
wjU at once become aware of a resistance in the revolving 
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globe to sticb a change, quite diHerent trom the simple iner 
tia of a globe at rest — a kind of internal struggle — an effort 
to twist the globe in his hands, as if some animal were in 
closed within its hollow, or as if it were no longer equally 
balanced on its centre If he endeavor to roll the globe on 
Its brass meridian in a right lino along the door (which with 
a non rotating globe would be easy) ho will find it imprac 
ticable without perpetually and forcibly interfenog, not 
merely to keep the meridian upright but to prevent its run 
ning out of the right line Suppose, for instance, the brass 
mendian to be a ertical and its plane coincident with that of 
the true meridian, the axis horizontal, and the globe to 
rotate in the direction in which the heavens appear to re 
volve, t c from the east upuiartf , to the west downi ar<?, and 
let him attempt to roll it (lightly held by the finger and 
thumb by the highest point of the circle) in a northerly 
direction He will find it run round to the eastward cans 
mg the plane of the brass meridian to shift in azimuth in a 
direction similar to that of the hands of a watch, and vice 
versA if be tty to make it roll southward That end of the 
axis which rises appears to be swept along with the revolv 
iDg motion of the globe as seen from above 

(246 ) In order to construct a map or model of the earth, 
and obtain a knowledge of the distnbution of sea and land 
over its surface the forma of the outlines of its continents 
and islands the courses of its nvers and mountain chains 
and the relative situations, with respect to each other, of 
those points which chiefly interest us as centres of human 
habitation, or from other causes, it is necessary to possess 
the means of determining correctly the situation of any pro 
posed station on its surface For this two elements require 
to be known, the latitude and longitude, the former assign 
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iBg Its distance from the poles or iho equator, the httor the 
meridian on which that distance is to bo reckoned To 
those in strictness should be added, its height above the 
sc-i level but the consideration of this had better be de 
ferred to avoid complicating the subject 

(247 ) The latitude of a station on a sphere would be 
merelj the length of an arc of the meridian intercepted 
between the station and the nearest point of the equator, 
reduced into decrees (Seo art 88 ) But as the earth rs 
elliptic this mode of conceiving latitudes becomes inapplt 
cable and we are compelled to resort for our definition of 
latitude to a generalization of that property (art 119) which 
affords the readiest means of determining it by observation, 
and which has the advantage of being independent of the 
figure of the earth which after all, is not exactly an ellip 
BOid DT any known geometrical solid The latitude of a 
station then is the altitude of the elevated pole and is, 
therefore astronomically determined by those methods al 
ready esrp lamed for ascertaining that important element 
In consequence, it will be remembered that to make a per 
fectly correct map of the whole or any part of the earth s 
surface equal differences of latitude are not represented by 
exactly equal intervals of surface 

(248 ) For the purposes of geodeoical ’ measurements and 
tngonometncal surveys an exceedingly correct deternuna 
tion of the latitudes of the most important stations is re 
quired For this purpose therefore the zenith sector (an 
instrument capable of great precision) is most commonly 
used to observe stars passing the meridian near^the zemth, 
whose declinations have become known by previous long 


Uw earth &««» (from *«• to bind) a Joining or conuection (of psrU) 
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series of ot'^ervations at C'^ed observatonea, and which are 
therefore called standard or fandamental stars Hccenfiy a 
method** has been employed with great success, which con 
Bists in the use of an instrument similar in every respect to 
the transit instrument, but having the plane of motion of the 
telescope not coincident with the meridian, but with the 
prune vertical, so that its axis of rotation prolonged passes 
through the north and sooth points of the horizon Let 
A B C D be the celestial hemisphere projected on the hori 



zon, P the pole, Z the zenith, A B the meridian, C I) the 
prime vertical, Q B S part of the diurnal circle of a star 
passing near the zenith, whose polar distance P R is but ht 
tie greater than the co latitude of the place or the arc P Z, 
between the zenith and pole (art 112) Then the moments 
of this star a arrival on the prime vertical at Q and S will, 
if the instmment be correctly adjusted be those of its cross- 
ing the middle wire in the field ol view of the telescope (art 

Dev s«l onpnally by Efimer EorlTbd or ro-inrenled by Bessel.— 
JiaAr No 40 
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160) Conseqaently the interval between these momenta 
will be the time of the star jassing from Q to S, or the 
measure of the diarnal arc Q H S, which corresponds to the 
angle Q P S at the pole This angle, therefore, becomes 
known hy the mere ohsewdiion of an interval of time, m which 
It 13 not even necessary to know the error of the clock, and 
m which when the star passes near the zenith, so that the 
interval in question is small even the rale of the clock, or 
Its gam or loss on true sidereal time may be neglected 
Now the angle Q P S or its half Q P B and P Q the polar 
distance of the star, being known P Z the zenith distance 
of the pole can be calculated by the resolution of the right 
angled spherical triangle P Z Q and thus the co latitude 
(and of course the latitude) of the place of observation be 
comes known The advantages gained by this mode of ob 
servation are, 1st that no readings of a divided arc are 
needed, so that errors of graduation and reading are 
avoided 2d?y that the arc Q R S is very much greater 
than its versed sine R Z so that the difference B Z between 
the latitude of the place and the declination of the star is 
given by the observation of a magnitude very much greater 
than Itself, or is as it were, obsen ed on a greatly enlarged 
scale In consequence a very minute error is entailed on 
R Z by the coramisaion of even a considerable one jn Q B S 
Sdly, that m this mode of observation all the merely lostra 
mental errors which affect the ordinary nsa of the transit 
instrument are either uninfloential or ohminated by simply 
reversing the axis 

(249 ) To determine the latitude of a station, then, is 
easy It la otherwise with its longitude, whose exact deter 
minMion 13 a matter oS more The tmsoti is 

— as there are no meridians marked npon the earth, any 
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more than parallels of latitade, we are obliged in this case, 
as in the case of the latitade, to resort to marks external to 
the earth, t e, to the heavenly bodies, for the objects of our 
measurement; bat with this difference in the two cases — to 
observers situated at stations on the saine meridian (t.e. dif- 
fering in latitude) the heavens present different aspects at 
alt moments. The portions of them which become visible 
in a complete diurnal rotation are not the same, and stars 
which are common to both describe circles differently in- 
clined to their horizons, and differently divided by them, 
and attain different altitudes On the other hand, tO ob- 
servers situated on the same parallel (i.e. differing only in 
longitude) tho heavens present the same aspects. Their 
visible portions are the same; and the same stars describe 
circles equally inclined, and similarly divided by their hori- 
zons, and attain the same altitudes. In the former case 
there is, m the latter there is not, anything in the appear- 
ance of the heavens, watched through a whole diurnal 
rotation, which indicates a difference of locality in the 
observer. 

(250.) But no two observers, at different points of the 
earth’s surface, can have at same instant the same celes- 
tial hemisphere visible. Suppose, to fix our ideas, an ob- 
server stationed at a given point of the equator, and that at 
the moment when he noticed some bright star to be in hia 
zenith, and therefore on his mendian, he shonld be sud- 
denly transported, in an instant of time, round one quarter 
of the globe in a westerly direction, it is evident that he will 
no longer have the same star vertically above him: it will 
now appear to him to be just rising, and he will have to wait 
six hours before it again comes to his zenith, i.e. before the 
earth’s rotation from west to east carries htm bad again to 
Abteoxomt— T ol xnc—io 
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the lino joining the star ami tho earth's centre from which 
he set out. 

(251.) Tho difference of the cases, then, may be thus 
stated, so na to afford a key to the astronomical solution of 
the problem of t)ie longitude. In the case of stations differ- 
ing only in latitude, the same star comes to the meridian at 
the same time, but at different aUitudes, In that of stations 
differing only in longitude, it comes to the meridiau at the 
same altitude, but at different times. Supposing, then, that 
an observer is in possession of any means by which be can 
certainly ascertain the tifne of n known star’s transit across 
his meridian, he knows his longitude; or if he knows the 
difference between its time of transit across his meridian and 
across that of any other station, be knows their difference of 
longitudes. For instance, if the same ttar pass the meridian 
of a place A at a certain moment, and that of B exactly one 
boor of sidereal time, or one twenty-fourth part of the 
earth’s diurnal period, later, then the difference of longi- 
tude between A and B is one hour of time or 16“ of arc, 
and B is so much west of A. 

(252.) In order to bare a perlectiy clear uaderstaDdiog 
of the principle on which the problem of finding the longi- 
tude by astronomical observations is resolved, the reader 
must learn to distingnish between time, in the abstract, as 
common to the whole universe, and therefore reckoned from 
an epoch Independent of local situation, and local time, 
which reckons, at each particular place, from an epoch, or 
initial instant, determined by local convenience. Of time 
reckoned in the former, or abstract manner, we have an 
example in what we have before defined as equinoctial time, 
which dates from an epoch determined by the sun’s motion 
among the stars. Of the latter, or local reckoning, we have 
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instances in every sidereal clock in an olwervntory, and in 
every town clock for common oso. Every astronomer regu- 
lates, or aims at regulating, his sidereal clock, so that it shall 
indicate 0* 9* 0^, when a certain point in the heavens, called 
the equinox, is on the meridian of his station. This is the 
epoch of his sidereal time; which is, therefore, entirely a 
local reckoning It gives no information to say that an 
event happened at such and such nn hour of sidereal time, 
unlc<!S we particularize the station to which the sidereal time 
meant appertains. Just so it is with mean or common 
time. This is also a local reckoning, having for its epoch 
mean noon, or the average of all the times throughout the 
jear, when the sun is on the meridian of that particular place 
to which it belongs] and, therefore, in libe manner, when wo 
date any event by mean tunc, it is necessary to name the 
place, or particularize what mean time we intend On the 
other hand, n date by equinoctial time is absolnte, and re- 
quires no such explanatory addition. 

(253 ) The astronomer sets and regulates hia sidereal 
clock by observing the meridian passages of the more con- 
spicuous and well-known stars Bach o! these holds in the 
heavens a certain determmate and known place with respect 
to that imaginary point called the equinox, and by noting 
the times of their passage in succession by his clock ho 
knows when the equinox passed At that moment his 
clock ought to have marked O’* 0” 0*, and if it did not, be 
knows and can correct its error, and by the agreement or 
disagreement of the errors assigned by each star be can as- 
certain whether his clock is correctly regulated to go twenty- 
four hours in one diurnal period, and if not, can ascertain 
and allow for its rate Thus, although his clock may not, 
and indeed cannot, either be set correctly, or go truly, yet 
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by appljjng its error and rale (as they are technically 
termed), ho can correct its indications, and ascertain tho 
exact sidereal times corresponding to them, and proper to 
hw locality This indispensable operation is called getting 
hia heal time For simplicity of explanation, howover, wo 
sball suppose the clock a perfect instroment, or, which 
cornea to tho same thing, its error and rate applied at every 
moment it is consulted, end included in its indicationa 
(25-1) Suppose, now, of two ob3cr\cr8, at distant sta* 
(ions, A and B, each, independently of the other, to set 
and regulate his clock to the true sidereal time of bis 
station It 14 c^ idcnt that if one of these clocks could be 
taken up without deranging its going, and set down by the 
Side of the other, they would bo found, on companson, 
to differ by the exact difference of their local epochs, that 
13 , by the time occupied by the equinox, or by any star, 
in passing from the mcndian of A to that of B, in other 
words, by their difference of longitude, expressed m sidereal 
hoars, minutes, and secondfi. 

(255 ) A pendulum clock cannot be thus taken up and 
transported from place to place without derangement, but a 
chronometer may Suppose, then, the observer at B to 
use a chronometer instead of a clock, he may, by bodily 
transfer of the instrumont to the other station, procure a 
direct comparison of sidereal times, and thus obtain his 
longitude from A And even if he employ a clock, yet 
by comparing it first with a good chronometer, and then 
transferring the latter instrument for companson with the 
other clock, the same end will be accomplished, provided 
the going of the chronometer can be depended on 

(256 ) Were chronometers perfect, nothing more com 
plete and convenient than, this mode of ascertaining dif 
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iercnccs ol longitude could be desired. An obserrer, 
provided with such an Instrument, and witb a portable 
transit, or some equualent method o£ determining the 
local time at any given elation, might, by journeying from 
place to place, and observing * the mcndian passages of 
stars at each (tab mg care not to alter hia chronometer, 
or let It run down), ascertain their differences of longitude 
with any required precision In this case, the same time 
keeper being u®ed at every station, if, at one of them. A, 
It mark true sidereal time, at any other, B, it will be just 
so much sidereal time in error as the difference of longi 
tudes of A and B is equivalent to in other words, the 
longitude of B from A will appear as the error of the time 
keeper on the local time of B It be travel westward, then 
hia chronometer will appear continually to gam, although 
it really goes correctly Suppose, for instance, be set out 
from A, wben the equinox was on the meridian, or hts 
chronometer at 0’’, and m twenty four hours (sid time) had 
travelled 15^ westward to B At the moment of arrnal 
there, his chronometer will again point to 0*, but the 
equinox will be, not on his new mexidiau, but on that of 
A and he must wait one hour more for its arrival at that 
of B When it does arrive there then his natch will point 
not to O' but to 1', and will therefore be V"/asi on the local 
time of B If he travel eastward the reverse will happen 
(257 ) Suppose an observer now to set out from any 
station as above described, and constantly travelling west 
ward to make the tour of the globe, and return to the point 
he set out from A singular consequence will happen be 
will have lost a day in his reckoning of time He will enter 
the day of his arrival m bis diary, as Monday, for instance, 
when, m fact, it is Tuesday. The reason is obvious Bays 
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and nights are caused by the alternate appearance of the 
sun and stars as ihe rotation of tbe earth carries the spec 
tutor round to view them in succession So many tarns as 
he makes absolutely round the centre so often will he pass 
through the earth s shadow and emerge into light and so 
many nights and days will ho experience Bat if he travel 
once round the globe in the direction of its motion he will, 
on bts arrival have really made one turn more round its 
centre and if in tbe opposite direction one turn less than 
if be had remained upon one point of its surface in the 
former case then he will have witnessed one alternation of 
day and night more in the latter one less than if he had 
trusted to the rotation of the earth alone to carry him round 
As the earth revolves from west to east it follows that a 
westward direction of his journey by which he counteracts 
Its rotation will cause him to lose a day and an eastward 
direction by which he conspires with it to gam one In 
tbe former case all his days will be longer in tbe latter, 
ehorter than those of a stationary observer This contin 
gency has actually happened to circumnavigators Hence, 
afso id must necessarrfy happen chad disdand eectlemeats 
on tl e same mertdtan will differ a day in their usual reck 
oning of time according as they have been colonized by 
eettlera arriving in an eastward or in a westward direction— 
a circamstance which may produce strange confusion when 
they come to communicate with each other The only mode 
of correcting the amb guity and settling the disputes which 
each a difference may give rise to consists in having re 
course to the equinoctial date which can never be am 
biguoua 

(258 ) Unfortunately lor geography and oar gatioa the 
chronometer though greatly and indeed wonderfully im 
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proved by the ekill of modern artist*!, is yc*, far too impcr 
feet an instrument to be relied on implicitly Hoiroer sach 
an instrument may preserve its uniformity of rate for a few 
hoars, or even days, jet m long absences from homo tho 
chances of error and accident become bo muUiphed, as to 
destroy all geenntj of reliance on even the best To a 
certain extent this may, indeed, be remedied by carrying 
out several, and using them as checks on each other, but, 
besides the expense and troable, this is only a palliation of 
the evil— the great and fundamental — as it is the only one 
to which Me determination of longitudes hy time leepers is 
liable It becomes necessary, therefore to resort to other 
means of commonicatiug from one station to another a 
knowledge of its local time or of propagating from some 
principal station as a centre its local time as a am verbal 
standard with which the local time at any other, however 
situated may be at once compared, and thns tbe longitudes 
of all places be referred to the meridian of such central 
point 

(259 ) The simplest and most accurate method by which 
this object can be accomplished when circumstances admit 
of Its adoption, is that by telegraphic signal Let A and 
B be two observatones or other stations provided with 
accurate means of detecmmmg ikeir respective local times, 
and let us first suppose them visible from each other 
Tbeir clocks being regulated, and their errors and rates 
ascertained and applied, let a signal be made at A of some 
sudden and definite kind such as the flash of gunpowder, 
the explosion of a rocket the sudden extinction of a bright 
light, or any other which admits of no mistake, and can be 
seen at great distances The moment of the signal being 
made must be noted by each observer at his respective clock 
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or watch, as if it were the transit of a star, or any astro*’ 
nomical phenomenon, and the error and rate of the clock 
at each station being applied, the local time of the signal 
at each is determined Consequently, when the observers 
commnmcate their observations of the signal to each other, 
since (owing to the almost instantaneous transmission of 
light) it must have been seen at the same aisolute instant 
by both, the difference of their local times, and therefore 
of their longitudes, becomes known For example, at A 
the signal is observed to happen at 0“ O', aid time at 
A, as obtained by applying the error and rate to the time 
shown by the clock at A, when the signal was seen there 
At B the same signal was seen at d'‘ 4” 0", sid time at B, 
similarly deduced from the time noted by the clock at B, by 
applying its error and rate Consequently, the difference 
of their local epochs is 4“ 0*, which is also their differ 
ence of longitudes in time, or 1" 0 0' m hour angle 

(260 ) The accuracy of the final determination may be 
increased by making and observing several signals at stated 
intervals, each of which affords a comparison of times, and 
the mean of all which is, of course more to be depended on 
than the result of any single comparison By this means, 
the error introduced by the comparison of clocks may bo 
regarded ns altogether destroyed 

(261 ) The distances at which signals can be tendered 
visible must of course depend on the nature of the inter 
posed country Over sea the explosion of rockets may 
easily be seen at fifty or sixty miles, and in mountainous 
countries the flash of gunpowder in an open spoon may be 
seen, if a proper station be chosen for its exhibition, at 
much greater distances 

(262 ) "When the direct light of the flash can no longer be 
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perceived, eitber owing to the convexitj of the interposed 
segment of the earth, or to intervening obstacles, the sadden 
illumination cast on the under snrfaco of the clouds by the 
explosion of considcmblo quantities of powder may often 
be observed with s access, and in this way signals have been 
made at very much greater distances "Whatever means can 
be devised of exciting in two distant observers the sarno 
sensation, whether of sound, light, or visible motion, at 
jirectaely the same instant of time, may bo employed as a 
longitude signal Wherever, for instance, an unbroken line 
o( electro telegraphic connection has been, or hereafter may 
be, established, the means exist of making as complete a 
comparison of clocks or watches as if they stood side by 
side, so that no method more complete for the determina 
tion of differences of longitude can be desired Thus, the 
difference of longitude between the observatories of Green 
wich and Pans was ascertained in 1854 The extreme de 
Yintion of the most discordant result from the mean of 29 
single determinations (Oh 9 m 20 64 sec ) amounted barely 
to a quarter of a second 

(263 ) Where no such electric communication exists, 
however, the interval between observing stations may be 
increased by causing the signals to be made not at one of 
them hut at an intermediate point, for, provided they are 
E en by both parties it is a matter of indifference where 
they are exhibited Still the interval which could be thus 
embraced would be verv limited and the method in conse 
qnence of little use, but for the following ingenious con 
tnvance, by which it can be extended to any distance, 
and carried over any tract of country, however difficult 
(264) This contrivance consists in establishing, between 
the extreme stations, whose difference of longitude is to be 
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ascertain od, and at winch the local times are observed, a 
chain of intermediate stations, alternately destined for sig* 
nals and for observers Thus, let A and Z be the extreme 
stations At B lot a signal station be established, at which 
rockets, etc , are fired at stated intervals At O let an 
observer bo placed, provided with a chronomoter, at P, 
another signal station, at E, another observer and ebrb 
nomoter, till the whole line is occupied by stations so 
arranged, that the signal at B can be seen from A and 0, 
those at P, from 0 and E, and so on Matters being thus 
arranged, and the errors and rates of the clocks at A and Z 
ascertained by astronomical observation, let a signal bo 
made at B, and observed at A and 0, and the times noted 

, r, f, r 

A B 0 O i, i i 

Thus the difference between A s clock and 0 s chronometer 
becomes known After a short interval (five minutes for 
instance) let a signal be made at D, and observed by G 
and E Then will the difference between their respective 
chronometers be determined, and the difference between 
the former and the clock at A being already ascertained, 
the difference between the clock A and ohronometer E is 
therefore known This, however, supposes that the inter 
mediate chronometer 0 has kept true sidereal time, or at 
least a known rate in the interval between the signals. 
Now this interval is purposely made so very short that no 
instrument of any pretensions to character can possibly pro 
duce an appreciable amount of error in its lapse by de\ i 
abons from its usual rate Thus the time propagated from 
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A to 0 may be considered as handed o\er, wUhoot gam or 
loss {sa\e from erro- of observation), to E Similarly, by 
the signal made at F, and observed at E and Z, the time 
80 transmitted to E is forwarded on to Z, and thus at length 
the clocks at A and Z are compared The process may bo 
repeated as often as is necessary to destroy error by a mean 
of results, and when the lino of stations is numerous, by 
keeping up a succession of signals, so as to allow each 
observer to note alternately those on either side, which is 
easily pre arranged, many companaons may be kept running 
along the line at once, by which time is saved, and other 
advantages obtained " In important cases the process is 
usually repeated on several nights m succession 

(265 ) In place of artiScial signals, natural ones, when 
they occur suiHciently dehnite for observation, may be 
e<loally employed In a clear night the number of those 
singular meteors, called shooting stars, which may be ob 
served, is often very great, especially on the 9th and 10th 
of August, and some other days, as November 12 and 13, 
and as they are sudden in their appearance and disappear 
ante, au6 Iiom the great bcigVit at wbieb they have been 
ascertained to take place are visible over exteasive regions 
of the earth’s surface, there is no doubt that they may be 
resorted to with, advantage by previous concert and agree 
meat between distant observers to watch and note them '* 


'* For & complete account of this method and U e mode of dedac ug (ho 
moot adTantageouB result from a comhituiuon of all the obserratioas seoajMper 
on the d Serence of longitudes of Greenwich and Tar s Th I Trans 1836 bj 
the A ith r of Ih s volume 

1* Th s idea was first suggested bf the late Dr Maskeljne to whom how- 
ever the pract call/ useful fact of the r period o recuirenco was unknown Ur 
Cooper has thus emplojed the meteors of the 10th and 12tb August, 1847 lo 
determine tbe d Serence of longitudes of Msrkreo and Uonnt Eagle in Ireland 
Those of the same epoch have also been nsed in Germanj for aacertatnmg the 
loogiiades of several stafibro ud with verj sat sfsetor;^ results 
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Those saddeo disturbances of the magnetic needle, to which 
the name of magnetio shocks has been given, have been sat* 
isfactonly ascertained to be, very often at least simuKano- 
ona over whole continents and in some, perhaps, over the 
whole globe These if observed at magnetic observatones 
with precise attention to astronomical time may become the 
means of determining their differences of longitnde with 
more precision, possibly, than by any other method, if a 
safficicnt number of remarkable shocks be observed to aa 
certain their tdenhit/ about which the intervals of time be 
tween their occurrence (exactly alike at both stations) will 
leave no doubt 

(266 ) Another species of natural signal visible at once 
over a whole terrestnal hemisphere is afforded by the 
eclipses of Jupiter s satellites of which we shall speak 
more at Isi^e when we come to treat of those bodies. 
Every such eclipse la an eyenjb which possesses one great 
advanfcige in its applicability to the purpose in question, 
viz that the time of its happening at any fixed station, 
such as Greenwich can be j>redtcled from a long course 
of previous recorded observation and calculation thereon 
founded and that this prediction is sufficiently precise and 
certain to stand in the place of a corresponding observa 
tion So that an observer at any other station Wherever, 
who shall have observed one or more of these eclipses and 
'iBcertaincd his local time instead of waiting for a comma 
nication with Greenwich to inform him at what moment tbo 
eclipse took place there may use the pred cted Gteenivtch 
ti ne instead and thence at once and on the spot deter 
mine his longitude This mode of ascertain ng longitudes 
IS 1 owever ns will hereafter appear not susceptible of 
great esaotness and should only be resorted to when others 
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eanoot had The nature of the observation also is such 
that it cannot be made at sea,*^ bo that, bowel cr useful to 
the geographer, it is of no advantage to navigation 

(267 ) But such phenomena as these ore of only occa 
Biona I occurrence, and m their intervals, and when cat off 
from af cocmunication with any fixed station, it is indis 
pcnsablc to possess some means of determining longitodes, 
on which not onl^ the geographer may rely for a knowledge 
of the exact position of important stations on land m remote 
regions, bat on which the laiigator can securely stake, at 
Cl cry instant of bis adienturons course, the lives of himself 
and comrades, the interests of his country, and the fortunes 
of his emplojer^ Sneb a method is afforded by Lunar Ob 
BERV AVION B Though we have not yet introduced the 

reader to the phenomena of the moon s motion, this will 
not prevent ns from giving here the exposition of the pnn 
ciple of the Innar method, on the contrary, it will be highly 
advantageous to do so, since by this coarse wo shall haie to 
deal with the naked principle apart from all the pecaliar 
sources of difficulty with which the luuar theory la enoum 
bered but which are, in fact completely extraneous to the 
pnncipU of Its application to the problem of the longitudes, 
which IS quite elementary 

(268 ) If there were m the heavens a clock furnished with 
a dial plate and bands which always marked Greenwich 


To accompl all this is iUU a deaWeraluBU ObsernnR chstra auspended 
tri b atud o i precauilon tor Inauriog freedom of motion haro been resorted 
to under the t« o bope of n Ugatlog t! e effect of the eb p a osc llation Tbo 
oppos te couree eeems more prom sing r z to merclj deaden the mot on by 
k aomewbat at ff suspension (as by a coarse and rough cable) and by fr ctlon 
Btrings attached to we ghta runn ng ibrouyb Icwpa foot puUoya) flaed In the 
woodwork of the retsel At least such means hare been fo nd by ti e a tl or 
^ a otrular efficacy n ncreas ng personal comfort in the euspena on of a oob 
(V de Journal of the ‘'oc ety of Arts, Jannary 4 18C1 J 
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time, tlio longitude of nnv ntfitinn would be ot once deter 
tninc<!, M «oon ns the heal Utne wnn known, b) coinpinng 
It with tins clock Now, tlio ofilces of the dnl plate and 
bandu of n clock nro these — tho former carries a set o* 
tnnrkn «ik)» it, whose position w known; the latte*', cf 
pwmg o\pr nnd among these marks, infonsa us uy tie 
place It holds wiili respect to them what it is o'clock* or 
what lime has elapsed since a certain moment when jt stood 
at one particular spot- 

(2C9 ) In a clock tho marks on tho dial plate are uni 
fomily distribute 1 nil around the circumference of n circle, 
whose centre is that on which the hands ro%ol%c with a uni 
fonn motion Bnt it is clear that wo should, with equal 
certainty, tiioiigh with much more trouble, tell what o’clock 
it were if tho marks on tho dial plate were unequally dis 
tnbuted — if tho hands were excentne, and their motion not 
uniform — provided we knew, let the caact intcrials round 
tho circle nt which tho hour and minute marks were placed, 
which would bo tho case if wo had them nil registered in a 
table, from tho results of previous careful measurement — 
2illy, if wo knew the exact amount and direction of excen 
tncily of the centre of motion of tho hands, — and, 8dly, if 
wo were fully acquainted with all tho mechanism which put 
-the bands in motion, so as to be able to say nt every instant 
what were their velocity of movement and so ns to be able 
to calculate, without fear of error, notv MUCH tjtne should 
correspond to so MtTcn angular motemet)t 

(270 ) Tho visible surface of the starry heavens is the 
dial plate of our clock, the stars are the fixed marks dis 
tnbuted around its circuit, the moon is the movable band, 
which, with a motion that, superficially considered seems 
uniform, but which, when carefully examined, is found to 
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be far otherwise, and which, regulated by mechanical laws 
of astonishing complexity and intricacy in result, though 
beautifully simple in principle and design, performs a 
monthly circuit among them, passing visibly over and 
hiding, or, as it is called, occulting some, and gliding 
beside and between others, and whose position among 
them can, at any moment when it is visible, he exactly 
measured by the help of a sextant, just as we might mens 
ure the place of our clock hand among the marks on its 
dial plate with a pair of compasses, and thence, from the 
known and calculated laws of its motion, deduce the time 
That the moon does so move amon^ the stars, while the lat 
ter hold constantly, with respect to each other, the same 
relative position, the notice of a few mghts, or even hours, 
will satisfy the commencing student, and this is all that at 
present we require 

(271 ) There is only one circumstance wanting to make 
oar analogy complete Suppose the hands of our clock, in 
stead of moving qmte close to the dial plate, were consider 
ably elevated above, or distant m front of it Unless, then, 
in viewing it, we kept our eye jnst in the line of their cen 
tre, we should not see them exactly thrown or projected upon 
tbeir proper places on the dial And if we were either un 
aware of this cause of optical change of place, this parallax 
— or negligent m not taking it into account — we might make 
great mistakes in reading the time, by referring the hand to 
the wrong mark, or incorrectly appreciating its distance 
from the tight On the other hand, i£ we took care to note, 
in every case when we had occasion to observe the time, the 
exact position of the eye, there would be no di^culty in 
ascertaining and allowing for the precise influence of this 
cause of apparent displacement Now, this is just what 
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obtains with tho apparent motion of tho moon among the 
stats 'The former (as will appear) la comparatively near to 
tbe eartli — tlio latter immensely distant, and in consequence 
of our not occupying the centre of the earth, but being car 
Tied about on its surface, and con-^tanlly changing place, 
there arises a parallax, which displaces tbe moon apparently 
among the stars, and must be allowed for before wo can tell 
tbe true place she would occupy if seen from tho centre 
(272 ) Such a clock as wo have desenbed might, no 
doubt le considered a very bad one, but if it uero our 
onfy one, and if incalculable interests were at stake on a 
■perfect knowledge of time vro should justly regard it as 
most precious and think no pains ill bestowed in studying 
the laws of Its movements or in facilitating tho means of 
reading It correctly Such m the parallel we arc drawing, 
IS the lunar theory, whose object is to reduce to regularity, 
the indications of this strangely irregular going clock to 
enable us to predict long beforehand, and with absolute 
certainty toj ereaboula among tho stars, at every boar mm 
ute and second, in every day of every year, in Greenwich 
local time, the moon would be seen from the earth s centre, 
and wxil be seen from every accessible point of its surface, 
and such 13 the lunar method of longitudes The moon 8 
apparent angular distance from all those principal and con 
spicuous stars which lie in its course as seen from the 
earth s centre, are computed and tabulated with the utmost 
care and precision in almanacs published under national 
control No sooner does an observer, m any part of tbe 
globe, at sea or on land measure its actual distance from 
any one of those standard stars (whose places in the heavens 
have bean ssceriaiaed for tbe purpose with the most anx 
loas solicitude) than he has, in fact, performed that com 
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pansoD ol hia local time with the local times of every ob 
ser^atory m the world, which enables him to ascertain his 
difference of longitude from one or all of them 

(278 ) The latitudes and longitudes of any number of 
points on the earth’s surface may be ascertained by the 
methods above described, and by thus laying down a sufli* 
cient number of principal points, and filling m the interme 
diate spaces by local surveys, might maps of oountnes be 
constructed In practice, however, it is found simpler and 
easier to divide each particular nation into a series of great 
tnangles, the angles of which are stations conspicuously 
visible from each other Of these tnangles, the anjfea only 
arc measured by means of the theodolite, with the exception 
of one side only of one triangle, which is called a base, and 
which IS measured with every refinement which ingenuity 
can devise or expense command This base is of moderate 
extent, rarely surpassing six or seven miles, and purposely 
selected in a perfectly honzontal plane, otherwise conven 
lently adapted to the purposes of measurement. Its length 
between its two extreme points (which are dots on plates of 
gold or platina let into massive blocks of stone and which 
are, or at least ought to be, m all cases preserved with almost 
religious care, os monumental records of the highest impor 
tance) is then measured with every precaution to insure 
precision," and its position with respect to the mendian, os 
well as the geographical positions of its extremities, care 
fully ascertained 

(274 ) The annexed figure represents such a chain of 
triangles A B is the base, 0, 0, stations visible from 


*• Tho p^atesi possible error In tlie Irish base of between savcit and e ght 
in leg near Londonderry la supposed not to exceed two incl es 
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obtains with the apparent motion of tho moon among the 
stars Tbo former (as will appear) is comparatively near to 
the earth — the latter immensely distant, and in conscqncnco 
of our not occupying tho centre of tho earth, but being car 
ricd about on its surface, and con'^tantly changing place, 
there arises a parallax, which displaces tho moon apparently 
among the stars, and must bo allowed for before wo can tell 
tho true place she would occupy if seen from the centre 
(272 ) Such a clock os we have described might, no 
doubt, bo considered a %erj bad one, but if it were our 
only one, and if incslculable interests were at stake on a 
|)crfect knowledge of time, we should justly regard it as 
most precious, and think no pains ill bestowed m studying 
the laws of its movements, or in facilitating the means of 
reading it correctly Such, m the parallel we are drawing, 
IS the lunar theoiy, whose object ts to reduce to regularity, 
the indications of this strangely irregular going clock, to 
enable us to predict, long beforehand, and with absolute 
certainty, whereabouts among the stars, at every hour, mm 
ute, and second, in every day of every year, in Greenwich 
focal time, the mooa tsoi/y he seen from the earth's centre, 
and will be seen from every accessible point of its surface, 
and such is the lunar method of longitudes The moon's 
apparent angular distance from all those principal and con 
spicuous stars which lie in its coarse, as seen from the 
earth’s centre, are computed and tabulated with the utmost 
care and precision in almanacs published under national 
control No sooner does an observer, la any part of the 
globe, at sea or on land, measure its actual distance from 
any one of those standard stars (whose places m the heavens 
have been ascertained for the purpose with the most ana 
ions solicitude), than he has, in fact, performed that com 
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panson oi his local time with the local times of every ob* 
servatory in the world, which enables him to ascertain hia 
difference of longitude from one or all of them 

(21S ■) The latitudes and longitudes of any number of 
points on the earth’s surface may be ascertained by the 
methods above described, and by thus laying down a suffi- 
cient number of principal points, and filling in the interme 
diate spaces by local surveys, migbt maps of countries be 
constructed In practice, however, it is found simpler and 
easier to divide each particular nation into a senes of great 
tnangles, the angles of which are stations conspicuously 
visible from each other Of these tnangles, the angles only 
are measured by means of the theodolite, with the exception 
of one side only of one triangle, which is called a l>ase, and 
which IS measured with every refinement which ingenuity 
can devise or expense command This hase 13 of moderate 
extent, rarely surpassing six or seven miles and purposely 
selected in a perfectly honzontal plane otherwise conven 
lently adapted to the purposes of measurement Its length 
between its two extreme points (which ire dots on plates of 
gold or pi atm a let into massive blocks of stone, and which 
are or at least ought to le, in all cases preserved with almost 
religious care, as monumental records of the highest impor 
tance) 13 then measured with every precaution to insure 
precision,'' and its position with respect to the meridian, as 
well as the geographical positions of its extremities, care 
fully ascertained 

(274) The annexed figure represents auch a chain of 
tnangles A B is the base 0, 0, stations visible from 


'* Tho greatest poitibU error j tho Irish base of between seren i 
Wes near toftdoadetry ts supposed nol to exceed two wtcbes 
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both its extremities (one ol ■w^hich, 0, we will suppose to 
be a uatiooal obseryatoiy, with which it is a principal ob- 
ject that the base should be as closely and immediately 
connected as possible), and D, E, F, G-, H, K, other sta 
tioas^ remarkahlG points la the couatrf, by whose ooanec 
tion Its whole surface may be covered, as it were, with a 
network of tnangles Now, it is evident that the angles 
of the triangle A, B, C being observed, and one of its sides, 
A B, measured, the other two sides, A 0, B 0, may be 
calculated by the rules of tngonometry, and thus each of 



the Bides A C and B 0 becomes in its turn a base capable 
of being employed as known sides of other triangles For 
instance, the angles of the triangles ACG-andBCF being 
known by observation, and their sides A G and B O, wc 
can thence calculate the lengths A G, O G, and B F, C F. 
Again, G G and C F being known, and the included angle 
G C F G F may be calculated, and so on Thus may all 
the stations be accurately determined and laid down, and 
as this process may he earned on to any extent, a map 
of the whole country may be thus constructed, and filed 
in to any degree of detail we please 

(276 ) Now, on this process there are two important re- 
marks to ho made The drsl is that it la necessary to he 
careful in the selection of stations so as to form triangles 
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free from an\ tcry greit inequalUj m their angles For 
iDstancOf tlie triangle K B F would be a vorj improper one 
to determine the situation of F from observations at B and K, 
because the angle F being very acute, a small error in the 
angle K would produce a great one m the place of F ujwn 
the line B F Such ill conditioned triangles, therefore, must 
be’ avoided But if this be attended to, the accuracy of the 
determination of the calculated sides will not be much short 
of that which would be obtained by actual measurement 
(were it practicable), and, therefore, os we recede from the 
base on nil sides as a centre, it will speedily become prac 
ticable to use as bases the sides of much larger triangles, 
such as G F, G G H K etc , by which means the next 
step of the operation will come to be earned on on a much 
larger scale, and embrace far greater intervals, than it would 
have been safe to do (for the above reason) in the immediate 
neighborhood of the base Thus it becomes easy to divide 
the whole face of a country into great triangles of from 30 
to 100 miles in their sides (according to the nature of the 
ground), which, being once well determined may be after 
ward by a second senes of subordinate operations, broken 
up into smaller ones, and these again into others of a still 
minuter order, till the final filling m is brought within the 
limits of personal survey and draughtsmanship, and till a 
map IS constructed with any required degree of detail 

(276 ) The next remark we have to make is, that all the 
triangles m question are not, rigorously speaking, plane, 
but spherical — existing on the surface of a sphere, or rather, 
to speak correctly, of an ellipsoid In very small triangles 
at SIX. or seven miles in the aide^ this may he negleeteil, aa 
the diSerenco is imperceptible, but in the larger ones it 
must be taken into constderation It is evident that, as 
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oerj object nsod for pointing tbc telescope of a theotlolilo 
has some certain elcKution not onl} nbos o tho «if, but abo\o 
the Ic^U of tho sta, anti as tnortover, thtsc elotationa differ 
in ever;^ instance, a nxluetion to the hartiion of all the mens 
urod angles Tiould appear to bo required But in fact by 
the construction of the tlicololito (art 102) nhieh is noth 
mg more than an altitude and azimuth instrument this re 
duction 18 made in the verj act of reading off tho honzontal 
angles Let E be the centre of the earth A, B 0 tho 
places on Its spherical ati^nce to which three stations, A, P 
Q in a country are rcfirrcd by radii E A, E B P, E OQ 
If a theodolite bo stationed at A tho 
axis of Its horizontal circle will point 
to E when truly adjusted and its piano 
Will be a tangent to the sphere at A, 
intersecting the radii EBP E 0 Q, 
at M and aboxe the spherical sur 
face The telescope of the theodolite, 

It IS true IS pointed m succession to 
P and Q but tiie readings oS of its 
azimuth circle give — not tbs angle 
P A Q between the directions of the telescope or between 
the objects P Q as seen from A l>ui the azimuilal angle 
if A N which IS the measure of tho snglo A of the apbencal 
triangle B A C Hence arises th« remarkable circuraatanco 
— that the sum of the three observed angles of any of tho great 
triangles la gcodesical operations is always found to be rather 
more than 180'* Were the earth s surface a plane it ought to 
be exactly 180® and this excess which is called the spherical 
excess la bo far from being a proof of incorrectness jn the 
trofi:, that it jta essential to its accuracy, aed oSere at the 
same time another palpable proof of the earth a sphencity 
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(277.) The true ^ay, then, o£ couceivjng the eubjcct o£ 
a trigonometrical survey, vrlien the spherical form of the 
earth is taken into consideration^ is to regard tho network 
of triangles with which tho country is covered, as the bases 
of an assemblage of pyramids converging to the centre of 
the earth. The theodolite gives us the true measures of the 
angles included hg the planes of these pyramids ; luid tho sur- 
face of an imaginary sphere oa the level of the sea intersects 
them in an assemblage of spherical triangles, above whose 
angles, in the radii prolonged, the real stations of observa* 
tion are raised, by the superficial inequalities of mountain 
and valley- The operose calculations of spherical trigo- 
nometry which this consideration would seem to render nec- 
essary for the reductions of a survey, are dispensed with in 
practice by a very simple and easy rule, called the rule for 
the spherical excess^ which is to be found in most works on 
tngonometry. If we would take into account the elhpticity 
of the earth, it may also be done by appropriate processes 
of calculation, which, however, are too abstruse to dwell 
upon in a work like the present. 

(278.) Whatever process of calculation we adopt, the 
result will be a reduction to the level of the sea, of 
all the triangles, and the consequent determination of 
the geographical latitude and longitude of every station 
observed. Thus we are at length enabled to construct 
maps of countries, to lay down the outlines of coati- 
ncuts and islands; the courses of nvers; the places of 
cities, towns and villages; the direction of moaotaiu 
ridges, and the places of their principal eumirdts; and all 
those details which, as they belong to physical and statis- 
tical, rather than to astronomical geography, we need not 
here dilate on. A few words, however, will be necessary 
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respecting maps, 'ftluch arc used as well m astronomy as 
in geognpliy ' 

(279 ) A map is notbuig more than a representation, 
upon a plane, of some portion of the surface of a spliero, 
on wlucL are tra(.c(l the particulars intended to bo expressed, 
whether they bo continuous outlines or points Now, as a 
spherical surface** can by no contrivance be extended or 
projected into a jilano, without undue enlargement or con 
traction of some parts in proportion to others, and as the 
system adopted in so extending or projecting it will decide 
what parts sliall bo enlarged or rclati\el} contracted, and 
in what proportions, it follows, that when large portions 
of the sphere are to be mapped down, a great difference in 
their representations may subsist, according to the system 
of projection adopted 

(280 ) The projections chieflj used m maps, are the 
orthographic, iiereographxe, and Mercator's In the ortho 
graphic projection, every point of the hemisphere is referred 

to its diametral plane or base, by a 
peipendicntar let fall on it, so that the 
representation of the hemisphere thns 
mapped on its base, is such as would 
actually appear to an eye placed at 
an tnfiatte distance from it It is obvious, from the an 
nexed figure, that in this projection only the central portions 
are represented of their true forma, while all the exterior is 
more and more distorted and crowded together as we ap 
proaob the edges of the map Owing to this cause, the 
orthographic projection, though very good for small por 
tions of the globe, is of bttle service for large ones 
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(281.) The st^reoyraphtc projection i<i in great mcasiire 
free from this defect. To understand this projection, wo 
must conceive nn eye to be placed at E, one extremity of 
a diameter, E 0 B, of the 
sphere, and to view the con- 
cave surface of the sphere, 
every point of wbieb, as P, ia 
referred to the diametral plane 
A D F, perpendicular to E B 
by the visoal line F M E. The 
stercographic projection of a 
sphere, .then, is a true perspec- 
tive representation of its con- 
cavity on a diametral plane; and, as sneh, it possesses 
some singularly elegant geometneal properties, of which 
we shall state one or two of the principal 

(282.) And first, then, alt circles on the sphere are rep- 
rcaented by circles in the projection Thus the circle X is 
projected into Only great circles passing through the 
vertex B are projected into straight lines traversing the 
centre G-. tbns, B P A is projected into C A. 

2dly. Every very small tnangle, G n K, on the sphere, 
is represented by a Jimifar tnangle, <7 A i, in the projection. 
This is a very valuable property, as it insures a general 
similarity of appearance in the map to the reality in all its 
smaller parts, and enables ns to project at least a hemt- 
spbere in a single map, without any violent distortion of 
the configurations on the snrface from their real forms. As 
in the orthographic projection, the borders of the hemi- 
sphere are unduly crowded together; in the stereograpbic, 
their projected dimensions are, on the contraiy, somewhat 
enlarged in receding from the centre. 
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(2S3 ) Boll) projections tnnj be considered na^ura? 
ones, innsmuch tis tlicj ore rcil!) perspcctnc repreaenta 
tioDH of tho Burfflco on n plane Merentor’o is entirely on 
nrttdcinl one, representing tfio spfioro as it cannot be seen 
from nn} one point, but os it might bo scon by on oje cir- 
ricd siicccssi\ cly over ever} part of it In it, tho degrees 
of hnjitudf, nnd those of JaUtudt, boar nlun}a to each otfier 
their duo proportion tho equator is conceived to be ex- 
tended out into n straight line, and tho meridians arc straight 
lines at right angles to it as m the figure Altogether, tho 
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general character of maps on this projection la not very 
dissimilar to what would be pnxluced by referring e\ery 
point in tho globe to a circumscnbmg cylinder, by Imw 
drawn from the centre, and then unrolling the cylinder into 
a piano Like tho Btoreographio projection, it gives a true 
representation, aa to form, of every particular small part, 
but vanes greatly in point of scale in its different regions, 
the polar portions in particular being extravagantly en- 
larged, and the whole map, even of a single hemisphere, 
not being corapnsable withm any finite limits 

(283 a) A very convenient projection, at once simple m 
principle, nnd remarkable for the facility with which places 
on the earth’s surface may be laid down from a knowledge 
of their latitudes and longitudes, or stars from that of their 
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righl !«ccnsion3 ani polar distances; or read o£E from the 
chart when projected, is ono In which (the radius of a circle 
being divided into ninety equal parts, representing degrees 
of polar distance) parallels of latltndo or of decUnatioa aro 
expre««ed by concentric circle'", described through each of 
the points of division, and circles of longitude or of dcclina* 
tion’nro represented by the radii. In a planiapUcro con- 
structed on this principle, the proportions of the spaces 
occupied on the chart by equal areas differently situated, 
are better preserved than in any of tli<»o already described, 
and with an amount of distortion of shape, on the whole, os 
little offensive as the nature of a planisphere chart allows. 
This projection (ns does also ono recently proposed by Sir 
H. James, which takes in two-thirds of the sphere) admits 
of being extended considerably beyond a hemisphere, with- 
out producing a very intolerable distortion. 

(2S3 &.) The following projection, in which equal areas 
on the projection correspond jireciaely to eq^ual areas on the 
spherical surface projected, is also occasionally employed.** 

Take out, upon any scale, from a table of natural sines, 
the sines ol SO’, l^tSO’, ... up to 45®, and Irom any centre 
with these aa radii describe circles. These will represent 
the projections of small circles of the sphere about a pole, 
whose projection is their common centre, having the re- 
spective polar distances 1®, 2®, S®, . 90°. 

(284.) "We shall not, of course, enter here into any geo- 
graphical details; but one result of maritime discovery on 
the great scale is, so to speak, massive enough to call for 
mention as an astronomical feature. When the continents 

* See "llMDlts of ABtronorolcsl Obseiratlon* ftt the Cspe of Good Hope,” 
by ihe Author, PJsto XI , where tUs projeettoa is used to exhibit the law of 
disinbution of the Xebula; 

AstboxomT— T ot. XIX — 11 
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find Befls nro laid down on a globe (and since the discovcjy 
of Australia and the recent addition to our antarctic knowl 
edge of Victoria Land Sir J 0 Boss, we are sure that 
no\ery extensuo tracts of land remain unknown) we find 
that It IS possible bo to divide the globe into two bemi 
spheres, that one shall contain nearly all thi land^ the other 
being almost entirely sea It is a fact, not a little intcl-cst 
ing to Englishmen, and, combined with our insular station 
in that great highway of nations, the Atlantic, not a little 
explanatory of our commercial eminence, that London*’ oc 
cupics nearly the centre of the terrestrial hemisphere As* 
tronomically speaking, the fact of this divisibility of the 
globe into an oceanic and a terrestrial hemisphere is impor 
tant, as demonstrative of a want of absolute equality in the 
density of the solid material of the two hemispheres Con 
sidenng the whole mass of land and water as in a state of 
cqutUhrtumy It IS evident that the half which protrudes must 
of necc'^sity be buci/ant, not, of course, that we mean to as 
sert it to bo lighter than waler^ but, as compared with the 
whole globe, tn a less degree heavier than that fluid We 
leave to geologists to draw from these premises their own 
conclusions (and we think them obvious enough) as to the 
internal constitution, of the globe, and the immediate nature 
of the forces which sustain its continents at their actual ele 
vation, but m any future investigations which may have 
for their object to explain the local deviations of the inten 


• More eiX*ctl7 ralnjooth The central point of the hern sphere wb ch rron 
ta ns the max mum of Isnd tails very nearlj u eed upon th e port The land 
In the opposite hem sphere, WJlh eicepdon of the raper ng extremitjr of South 
America and the Blender peninsula of Malacca s w! oily luBUlar and were It 
not for Anstralia, would be qu le bs gn Scant In amount, Tbia Interesting 
feature of geography was first not ced by Colson (Fh L Tr zxxlx p 210) A 
pa r of planNpberes for the bonzon of londoa has been publisbed by Bughea 
(London 1B39) 
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aitj o£ gravity* rrom what the hypotheais of an exact olUptio 
Cgoro would require, this, as a general fact, ought not to bo 
lost sight of 

(285) Our knowledge of the surface of our globe is in 
complete, unless it include the heights above the sea level 
of every part of the land, and the depression of the bed of 
the ocean below the surface over all its extent The latter 
object 13 attainable (with whatever difficulty and howsoever 
slowly) by direct sounding the former by two distinct 
methods the one consisting in tngonometrical measure 
ment of the differences of level of all the stations of a snr 
vey* the other, by the use of the barometer, the principle 
of which IS, in fact, identical with that of the sounding line 
In both cases we measure the distance of the point whose 
level we would know from the surface of an equilibrated 
ocean , only in the one case it is an ocean of water , in the 
other, of air In the one case our sounding line is real and 
tangible, in the other, an imaginary one measured by the 
length of the column of quicksilver the aupenneumbent air 
is capable of counterbalancing 

(286 ) Suppose that instead of air, the earth end ocean 
were entered with oil and that human life could subsist 
under such circumstances Let A B C D E be a continent, 



of which the portion ABC projects aboi e the water, but is 
covered b^ the oil which also floits at a ueiforin depth on 
the whole ocean Then if we would know the depth of any 
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point D below the sea level, wo let down a plummet from F, 
But, if we would know the height of B above the same level, 
wo have only to send up a float from B to the surface of the 
od; and having done the same at 0, a point at the sea level, 
the difference of the two float lines gives the height in question. 

(287.) Now, though the atmosphere differs from oil in 
not having a positive surface equally definite, and m cot 
being capable of carrying up any float adequate to such a 
use, yet it possesses all the properties of a fluid really essen- 
tial to the purpose in view, and this in particular — that, 
over the whole surface of the globe, its strata of equal density 
supposed lu a state of equilibrium, are parallel to the sur- 
face of equilibrium, or to what would he the surface of the 
sea, if prolonged under the continents, and therefore each or 
any of them has all the characters of a definite surface to 
measure from, provided it can be ascertained and identified. 
Now, the height at which, at any station B, the ciercuiy in 
a barometer la supported, informs us at once how much of 
the atmosphere is incumbent on B, or, m other words, t» 
tohat stratum of the general atmosphere (indicated by its 
density) B is situated : whence we are enabled finally to con- 
clude, by mechanical reasoning,** at what height above the 
sea level that degree of density is to be found o\ er tbe whole 
surface of the globe. Such is the principle of the applica- 
tion of the barometer to the measurement of heights For 
details, the reader is referred to other worlcs ** 

(288) We will content ourselves here with a general 
caution against an implicit dependence on harometne nieas- 

” N«wton’a Pnucip ii Prop 23 

Blot ABtronomie Phjsiqae Tol ti\ For tables* aaa tbe work of Biot 
cited AXsa oC OUjQiaaa by tiie. FfftflCb board o/ Jong! 

tudee Id tbeir Aanu&ire* and Mr BaOy’s ColJectton of Aatrooomical Tables and 
Pormuls See also Eacyc. Bnt , “ileteorology,” § 34 
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txrcmentfi, except as a diilerenttal process, at stations not too 
remote from each other They roly m their application on 
the nssumptioa of a state of equilibrium in the atmospbcrio 
strata over the whole globe — which is very far from being 
their actual state (art 87). ‘Winds, especially steady and 
general currents sweeping over extensive continents un 
doubtedly tend to prodneo some degree of conformity in 
the curvature of these strata to the form of tho land 

surface, and therefore to give an undno elevation to tho 
mercurnl colnmn at some points On tho other hand, tho 
existence of localitiw on the earth's snrfaco, where a per 
inanent deprc‘«ton of the barometer prevails to tho astonish 
ing extent of nearly an inch, has been clearly proved by the 
observations of Ermann in Siberia and of Boss m the Ant 
arctic Seas, and is probably a result of the same cause, and 
may be conceived os complementary to an undue habitual 
eleiation in other regions The mode in which both clc\a 
tions and depressions of a permanent character may be 
maintained in the surface of a Quid in motion will not be 
enigmatical to any one who contemplates the ripple caused 
by a pebble in a brook 

(289 } Posse'^sed of a knowledge of the heights of stations 
abo\ c the sea we may connect all stations at the same alu 
tude by level hoes, the lowest of which will be the outline 
of the sea coast and the rest will marl out the successive 
coast lines which would take place were the sea to rise by 
regular and equal accessions of level over the whole world, 
till the highest mountains were submerged The bottoms 
of nllcjs and the ndge lines of lulls are determined by 
their property of intersecting all these level lines at right 
angles, ond being subject to that condition the shortest 
and longest that is to sny, the steepest, and the most gently 
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8dly, That all the observations can bo mado systematicoily, 
in regular Bucccsaion, oud with equal advantages, there 
being hero no question about advantageous or diaadvanta 
gcous tnnngles, etc And, lastly, That, by adopting this 
course the very quantities which wo should otherwise have 
to calculate by long and tedions operations of spherical 
trigonometry, and which are essential to the formation of 
a catalogue, are made the objects of immediate measure 
ment It is almost needless to state, then, that this is the 
course adopted by astronomers 

(203 ) To determine the right ascension of a celestial 
object all that is neces'^ary is to observe the moment of 
Its meridian passage with a transit instrument, by a cIocL 
regulated to exact sidereal time or reduced to such by ap 
plying Its known error and rate The rate may be obtained 
by repeated observations of the same star at its succes^ne 
meudt&n passages The error Iiowever, requires a kaowl 
edge of the equinox or initial point from which all right 
ascensions jn the heavens reckon as longitudes do on the 
earth from a first meridian 

(294 ) The nature of this point will be explained pres 
ently but for the purposes of uranography, in so far as 
they concern only the actual configurations of the stars 
inter se a knowledge of the equinox is not necessary The 
choice of the equinox as a zero point of right ascensions is 
purely artificial and a matter of convenience As on the 
earth any station (as a national observatory) may be chosen 
for an origin of longitudes so m uranography any con 
spicuous star might be selected as an initial point from 
which hour angles mig) t be reckoned and from which by 
merely observing (it^erettces or zniertals ol time the sittia 
t on of all others might be deduced In practice these in 
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tenals are affected by certain minute causes of inequality, 
which most be allowed for, and which will bo explained 
in their proper places 

(295 ) The declinations of celestial objects are obtained, 
By observation of then mendian altitudes, with the mural 
or tnendian circle, or other proper instruments This re 
quires a knowledge of the geographical latitude of tho sta 
tion of observation, which itself is onl^ to be obtained by 
celestial observation 2dl^, And more directly, by observa 
tiontjf their polar dtslanees on the mural circle, as explained 
in art 170, which is independent of any previous dctcrmi 
nation of the latitude of the station, neither, however, in 
this case, does observation give directly and immediately 
the exact declinations The observations rcq^uirc to be cor 
reeled, first for refraction and moreover for those minate 
causes of inequality which have been just alladed to in the 
case of right ascensions 

(296 ) In this manner, then may tho places, one among 
the other, of all celestial objects be ascertained, and maps 
and, globes constrncted Now hero anses n very important 
question How far are these places permanent? Do these 
stars and the greater lumvnanca of heaven preserve forever 
one invariable connection and relation of place tnler se, as 
if they formed part of a solid though invisible firmament, 
and, like the great natural landmarks on the earth, pre 
serve immutably the same distances and bcanngs each from 
the other? If so, the most rational idea we could form 
of the universe would be that of an earth at absolute rest 
in the centre, and a hollow crystalline sphere circulating 
round it, and carrying snn, moon and stars along in its 
dvicnaJL umtuiu If. not we must dismiaa olL auuh luitwuA, 
and inquire individually into the distinct history of each 
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plowing council nnpcctivoljr winch can l>© purtiucd from the 
pummit to tbo wa Tho former constitute “tho water 
courses'’ of a country', tho latter ita lines of “watershed ” 
bj vrhioh U is divided into distinct bn.iina of drainage. 
Thus originate natural distncU of tho most ineflaccnblo 
character, on which tbo distribution, limits, and pccolian 
tics of human communities aro in great mcasuro dependent 
Tho mean height of tho continent of Europe, or that height 
which Its surface would havo wero all inequalities levelled 
and tho mountains spread oquall) over the plains, is, accord 
itig to Ilumboldt, 1W2 English foot, that of Asia, 2274, of 
North America, 1496, and of South America, 2302 ** 


CnAPTER V 
OF UBANOanAPHY 

Conxtruction of CqImUaI Uiipn ^nd Globcii bjr Oba«rr*Uoiis of II gbl Afceo 
iioo add DoclloatloB— Celoatfal Objccta Into Fixod 

f rrallo — 01 tl e ConHtelktlon».->'NatunU Tt,^s!ona In iho HwiTan*— The 
Mllkj Wajr— Tho Zodiac— Of iho Fd pile— Celestial lAUtudca and 
liODgtiadM — rrceeaston of tho FqnlnOKoa — N utation — Aberialloo — Be* 
tract OQ — Parallax— Su mm ary View of iho Uranographlcnl Corrections 

(290 ) Tnp dctcnnination of the relative situations of 
objects in tho heavens, and tho construction of maps and 
globes which shall truly represent thoir mutual configura 
tiona ns well as of catalogues which shall preserve a more 
precise numerical record of tbo position of each, is a task 
at once simpler and less laborious than that by which the 

^ \\ Q separation of ihe waters 

^ ” n mboldt s numbers are the halvw of these but express not ihe 
heig? U of the ^r/aces but tho hfKirl ts of the severai c^nires cf gr^tyot 
com ftental maasos abQ7e the sea level 
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surface of tUc earth is mapped and measured Every star 
in tbo great constellation wbicb appears to re^ohe above 
u&, constitutes, so to speak, a celestial station, and among 
these stations we may, as upon the earth, tnangulatc, by 
measurmg with proper instruments their angular distances 
from each other, which, cleared of the effect of refraction, 
ate then in a state for lajing down on charts, as we would 
the towns and villages of a country and this without moi 
ing from onr place, at least for all the smrs which nse aboie 
onr horizon 

(291 ) Great exactness might, no doubt be attained by 
thus means, and excellent celestial charts constructed, but 
there is a far simpler and easier and at the same time, in 
finitely more accurate course laid open to us if we take ad 
vantage of the earth s rotation on its axis and by observing 
each celestial object as it passes our mendian refer it sepa 
rately and independently to the celestial equator, and thus 
ascertain its place on the surface of an imaginarj sphere 
which may be conceded to revolve with it and on which it 
may be considered as projected 

(292 ) The right ascension and declination of a point m 
the heavens correspond to the longitude and latitude of u 
station on the earth , and the place of a star on a celestial 
Sphere is determined when the former elements are known 
just as that of a town on a map by knowing the latter 
The great advantages which the method of meridian obscr 
vation possesses over that of tnangulatton from star to star 
are, then 1st, That in it every star is observed in that point 
of Its dmrnal coarse, when it is best seen and least dis 
placed by refraction 2dly That the instruments required 
(the transit and meridian circle) are the simplest and least 
liable to error or derangement of any used by astronomers 
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8d!y, Thftl fill the obsorroUons can bo matlo eyatematically, 
in regolnr Bocco<wjon, nnd with cqua! otl vantages, Ibcro 
being hero no question about advantageous or disadvanta 
gcouB triangles, etc And, lastly, That, by adopting this 
coorse, tbo very quantities which wo should otherwise have 
to calculate b^ long and tedious operations of spherical 
Ingonometr) , nnd which are essential to the formation of 
a catalogue, are made the objects of immediate measure- 
ment It IS almost needless to state, then, that this vs the 
course adopted by astronomers 

(293 ) To determine the nght ascension of a celestial 
object, all that in ncces«arj is to observe the moment of 
Its meridian passage with a transit instrument, by a clock 
regulated to exact sidereal time, or reduced to such by ap 
plying its known error nnd rate The rate may be obtained 
bj repeated observations of the same star at its successive 
mcndian passages The error, however, requires a knowl 
edge of the ejuinox or initial point from which all right 
nscenstons in the heavens reckon, as longitudes do on the 
earth from a first meridian 

(294 ) The nature of this point will bo explained pres- 
ently, but for the purposes of uranography, in so far as 
they concern only the actual configurations of the stars 
infer «c, a knowledge of the equinox is not necessary The 
choice of the equinox, aa a zero point of right ascensions is 
purely artificial, and a matter of convenience As on the 
earth any station (as a national observatory) may be chosen 
for m origin of longitudes so in uranography, any con 
spicuous star might be selected as an imtnl point from 
which hour angles migl t be reckoned and from which by 
merely observing diff’erences or tniertah of time, the Bitua 
tion of all others might be deduced In practice, these in 
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tcrvals aro affected by certain mmuto caosca of incqoalitj, 
which mast bo allowed for, and which will bo explained 
in their proper places 

(295) The declinations of celestial objects aro obtained, 
By observation of their meridian aliitudea, with the maral 
or mendnn circle, or other proper instraments This re 
(Quires a knowledge o! the geographical latitude of the sta 
tion of observation, which itself is only to bo obtained by 
celestial observation 2dl), And more directly, by observa 
tion-of their polar {listance3 on the mural circle, as explained 
in art 170, which is independent of any previous dctermi 
nation of the latitude of the station, neither, however, in 
this case, does observation give directly and immediately 
the exact declinations The observations require to be cor 
reeled, first for refraction and moreover for those minuto 
caa«cH of inequality which have been just alluded to in the 
case of right ascensions 

(296 ) In this manner, then, may the places, one among 
the other, of all celestial objects be ascertained, and maps 
and globes constructed Now hero anses a very important 
question How far aro these places permanent? Do these 
stars and the greater luminanes of heaven preserve forever 
one invariable connection and relation of place inter te, as 
if they formed part of a solid though invisible firmament, 
and like the great natural landmarks on the earth, pre 
serve immutably the same distances and bearings each from 
the other? If so, the most rational idea we conld form 
of the universe would be that of an earth at absolute rest 
jn the centre and a hollow crystalline sphere circulating 
round it, and carrying sun moon and stars along in its 
hiutnal motion ’t’i not we must hismm ah sucti notions, 
and inquire individually into the distinct history of eacb^ 
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object, With ft view to discovering the Inws of ita peculiar 
motions and whether any und what other connootioa Bab> 
81*^18 between them 

(297 ) So far la this, however, from being the oaac, that 
ob3er\ fttiona, even of the most cursoiy nature are sufllcient 
to ahow that some, ot least, of the celestial bodies, and those 
the roost conspicuous, aro m a state of continual change of 
plttco among tho rest In the case of the moon, indeed, the 
change la so rapid and remarkable, that ita alteration of 
aitaation with respeot to such bright stars as may happen 
to ho near it may ho noticed any fine night in a few hours, 
and if noticed on two successn o nights cannot fail to strike 
the most careless observer With tho sun, too the change 
of place among the stars is constant and raj id, though, 
from the invisibility of stars to tho naked eje in the day 
time It IS not so readily recognized and requires either the 
Use of telescopes and angular instruments to measure it, or 
a longer continuance of observation to be struok with it 
Nevertheless it is only necessary to call to mind its greater 
meridian altitude m summer than in winter and the fact 
that tho stars which come into view at niglit (and which 
are therefore situated in a hemisphere opposite to that oc 
cupied by the sun and having that luminary for its centre) 
vary with the season of the year to perceive that a great 
change must have taken place in that interval m its relative 
situation with respect to all the stars Besides the sun and 
moon too there are several other bodies called planets, 
which for the most part appear to the naked eye only aa 
the largest and most bnlhant stars and wl ich offer the 
same phenomenon of a constant change of place among the 
stars now approaching anl now reced ng from such of 
them as we may refer them to ns marks and some in 
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longer, some in shorter pcnotls, making, like the sun nnd 
moon, the complete tear of the heavens. 

(29S.) These, however, are exceptions to the general 
rule. The innumerable multitude of the stars which arc 
distributed over the vault of the heavens form a conslcb 
lation, which preserves, not only to the cjo of the casual 
observer, bat to the nice examination of the astronomer, a 
uniformity of aspect which, when contrasted with the per- 
petual change in the coniigarations of the eun, moon and 
planets, may well be termed invariable. It is true, indeed, 
that, by the lefincment of exact measurements prosecuted 
from age to age, some small changes of apparent place, at- 
tribatablc to no illusion and to no Urrairxal cause, have 
been detected in many of them. Such are called, in as- 
tronomy, the proper motions of the stars But these are 
BO excessively slow, that their accumulated amount (even, 
in those stars for which they are greatest) has been insuffi- 
cient, in the whole duration of astronomical history, to pro- 
duce any obvious or material alteration in the appearance 
of the starry heavens. 

(299.) This circumstance, then, establishes a broad dis- 
tinction of the heavenly bodies into two great classes; — 
the fixed, among which (unless in a course of observations 
continued for many years) no change of mutnal situation 
can be detected; and the erratic, or wandering — (which is 
implied in the word plane*!*) — including the sun, moon and 
planets, as well as the singular class of bodies termed com- 
ets, in whose apparent places among the stars, and among 
each other, the observation of a few days, or even hoars, 
is snfScient to exhibit an indisputable alteration. 


nA*Fitn,r, » wandarar. 
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(SOO) TJnnogrnjjli^t i‘» it concern^i the fixed celea 
tial liodics (or, as thej are usually cnlletl, tlie Jixtd 
18 reduced to a simple marking down ol Ihcir rcHtite places 
On a globo or on nnps, to tbo insertion on tliat globe, lo 
its duo place in tlio great constellation of tho stars, of the 
pole ol tl (. heaiens, or tlic lamahing point of parallels to 
tlie cariU s axis and of the equator and place of the eqm 
nox points and circles these, which, though artificial and 
Imi ing refcrenco entirely to our earth and therefore subject 
to all changes (tf any) to which the earth’s axis may be ha 
bio aro yet so coiuenicnt in practice, that they have ob 
tamed an admission (with some other circles and Jmes), 
sanctioned by usage, in all globes and planispheres The 
reader howeter, will take care to keep them separate in his 
mind and to faroilinnze himself with the idea rather of tveo 
or^tnoro celestial globes, superposed and fitting oo each 
other, on one of which — a real one — are inscribed the stars 
on tho others those imaginary points lines and circles, 
which astronomers have devised for their own uses, and 
to aid their calculations, and to accustom himself to con 
ceive in the latter or artificial spheres a capability of being 
shifted jn any manner upon the surface of the other, so 
that, should oxpenenco demonstrate (as it does) that these 
artificial points and lines are brought by a alow motion of 
the earth a axis, or by othei secular vunafiuns (as they are 
called) to coincide, at very distant intervals of time, with 
different stars he may not be unprepared for the change, 
and may have no confusion to correct in hia notions 
(301 ) Of course we do not here speak of those uncouth 
figures and outlines of men and monsters, which are usually 
scribbled over celestial globes and maps and serve, in a 
rude and barbarous way, to enable us to talk of groups of 
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8taM, or districts m tlie Ijca>ens, names which, though 
absurd or pnenlc in their origin, h'vve obtained a currency 
from which it would be difTicaU to dislodge them In so 
far as they have really (as some have) any sliglit resein 
blance to the figures called up m imagination by a view 
of the more splendid “consiellationo," they haic a certain 
comenience, but as tiiey are otherwise eulirely arbitrary, 
nod correspond to no nntural subdivisions or groupings 
of the stars, astronomers treat them lightly, or altogether 
disregard them* except for briefly twxmiTiy rcmarLable stars, 
ns a Leonis, ^ Scorpii, etc , bj letters of the Greek alphabet 
attached to them The reader will find them on any geles 
tial charts or globes, and may compare them with the 
heavens, and there learn for himself their position 

(302 ) There are not wanting however, natural districts 
in the heavens, which offer great pecuhanties of character, 
and strike every observer such is the mtlky toay, that great 
lummous band, which stretches, every evening, all across 
the sky, from horizon to horizon, and which, when traced 
with diligence, and mapped down, is found to form a zone 
completely encircling the tchole ephere, almost in a great 
circle, which is neither an hour circle, nor coincident with 
any other of our astronomical grammata It is divided m 
one part of its course, sending off a kind of branch, which 
unites again with the mam body after remaining distinct 
for about 150 degrees, withm which u suffers an intehmp 
tion in its continuity This remarkable belt has mam 


* Tb « daroBard U neither euperclo s nor can«clc8a. The constellAt ona 
seem to haVB b«a iliooBt purpoeeljr nnioed &nd delineated to cauao as inucb 
oonfua on and inwoven enc<i as ■p08«rbte Innumerable easkes twine thro gh 
long and contorted areas of the heaveni where no memory can follow them 
bears 1 ons and dihei 'Urge and small, northern and so ilhem confuso all no- 
tnencUture, etc. A better syateot of consteUat ons might have been a material 
lielp as an artiSdal memory 
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tamed, from tlio earliest ages, tlic same relative situation 
among tho stars, and, ^^^len examined ihrougU powerful 
tclc'«cope8, 18 found (wonderful to relate I) to comist entirely 
of elora scattered hy mdfton«, like glittering dust, on the 
black ground of the general heavens. It will bo described 
more particularly in tho subsequent portion of this work 
(303) Another remarkable region in the heavens is* the 
zodiac, not from anything peoulmr m its own constitution, 
but from its being tho area withm which the apparent mo 
lions of tho Bun, moon, and all the greater planets are con 
fined To trace tho path of an> one of these, it is only 
necessary to ascertain, hy continued observation, its places' 
at successive epochs, and entering these upon our msp or 
sphere in sufficient number to form a senes, not too far 
disjoined, to connect them by lines from point to point, as 
wo mark out the course of a vessel at sea by mapping down 
its place from day to day Now when this is done, it is 
found, first that the apparent path, or track, of the sun on 
the surface of the heavens, is no other than an exact great 
circle of tho sphere which is culled the ecliptic, and which is 
inclined to the equinoctial at an angle of about 23° 28, 
intersecting it at two opposite points, called the equinoctial 
points, or equinoxes, and which are distinguished from each 
other by the epithets vernal and autumnal, tho vernal being 
that at which the sun crosses the equinoctial from south to 
north, the autumnal when it quits the northern and enters 
the southern hemisphere Secondly, that the moon and all 
the planets pursue paths which, m like manner, encircle the 
whole heavens but are not like that of the sun, great 
circles exactly returning into themselves and bisecting the 
sphere, but rather spiral curves of much complexity, and 
described with very unequal velocities in their difierent 
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part** They have all, however, this in common, that the 
g^ifral ilirecthn of their motions is the same with that o£ 
the 8un, tiz. from tccat to roj/, that is to say, the contrary 
to that in which both they and the stars appear to bo canned 
by the diurnal motion of the heavens; and, moreover, that 
they never deviate far from the ecliptic on either aide, crO‘*3- 
ing*and rccrossmg it at regular and equal intervaU of time, 
and conGning themselves within a zone, or belt (the zo/liac 
already spoken of), extending (with certain exceptions among 
the smaller planets) not further than 8^ or 0® on either side 
of the ecliptic. 

(304.) It would manifestly be uselcM to map down on 
globes or charts the apparent paths of any of those bodies 
which never retrace the same course, and which, therefore, 
demonstrably, must occupy at some pne moment or other 
of their history, every point in the area of that zone of the 
heavens within which they are circumscribed The ap- 
parent complication of their movements arises (that of the 
moon excepted) from our viewing them from a station 
which 13 itself m motion, and would disappear, could we 
shift our point of view and observe them from tlie sun. On 
the other hand the apparent motion of the sun is presented 
to ns under its least involved form, and is studied, from 
the station we occupy, to the greatest advantage. So that, 
independent of the importance of that luminary to us in 
other respects, it is by the investigation of the laws of its 
motions in the Grst instance that wo must nse to a knowl- 
edge of those of all the other bodies of our system. 

(805.) The ecliptic, which is its apparent path among 
the ^ars, is traversed by it in the period called the sidereal 
yeaty which consists of 886* e* 6” 9'6', reckoned in mean 
solar time, or 866* 6” 9” 9 6* reckoned in sidereal time- The 
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rcwon of this dilTcronco (nmi it is this which constitutes 
tho origin of the difTcronco between solar and flidorcal time) 
IS, that as tho sun’s apparent annual motion omon^ the stars 
IS performed m a contrary direction to the appirent diurnal 
motion of both sun and stars, it comes to the same thing as 
if tho diurnal motion of the sun were so much ahxier than 
that of tho stars, or ns if tho sun lagged behind them in its 
daily course When this has gone on for a whole year, the 
Bun will have fallen behind tho stars by n whole circura 
lercnco of tho heavens— or, in other words, in a year the 
sun will have mado fewer diurnal revolutions, by one, than 
tho stars So that the same interval of time which is mcas 
ured bySSC' etc , of sidereal time, will be called 385 days, 
6 hours, etc , if reckoned in mean solar time Thus, then, 
18 tho proportion between the mean solar and sidereal day 
established which, reduced into a decimal fraction, is that 
of 1 00273791 to 1 The measurement of tune by these 
different standards may bo compared to that of space by 
the standard feet, or ells of two different nations, the pro* 
portion of which, once settled and borne in mind can never 
become a source of error 

{306 ) The position of the ecliptic among the stars may, 
for our present purpose, be regarded as invariable It is 
true that this is not strictly the case, and on comparing 
together its position at present with that which it held at 
tho most distant epoch at which we .possess observations, 
we find evidences of n small change, which theory accounts 
for, and whose nature will be hereafter explained, but that 
change is so excessively slow, that for a great many succes 
81 ve years or even for whole centuries, this circle may be 
regarded, for most ordinary purposes, as "holding the same 
position in the sidereal heavens 
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(307 ) The c/ ih* ecUpttc^ hie those of nnj other 
great cirdlo ot the sphere, arc opposite points on its surface, 
equidistant from the ecliptic m etcrj direction Ihe) are 
ol course not coincident with those of the cqninoctnl, but 
removed from it by an angular interval equal to tlio inchna 
tion of the ecliptic to the equinoctial (23“ 23) which w 
called the ohliqmty of the eeltpUe In the next figure, if 
P p represent the north and south poles (b_) which when 
used without qualification wcalwaja mean the poles of (he 
equtnocUal) and F A Q Y the equinoctial, Y S A "VY the 
ecliptic, and K its poles — the spherical angle Q Y S is 
the obliquit} of the ecliptic, and is equal in angular mcas 
ure to P K or S Q If we suppose the sun's apparent mo 
tion to be m the direction Y S A "W Y will be the vernal 
nnd A the autumnal equinox S and W the two points at 
wl ich the ecliptic is most distant from the equinoctial aro 
termed because, when arrived there the sun ceases 

to recede from the equator, and (in that sense, so far as its 
motion in decimation is concerned) to stand still m the 
beavena S, iVie point where the sun has the greatest 
northern declination is called the summer and AY that 
where it is furthest south the winter solstice These epi- 
thets obviously have their origin in the dependence of the 
seasons on the sun s declination which will be explained 
jn the next chapter The circle E K P Q ip which parses 
through the poles of the ecliptic and equinoctial is called 
the solstitial eolure and a meridian drawn through the 
equinoxes P Y p A the equinoctial colwre 

(308 ) Since tl e tclij tic holds a determinate situation m 
the starry heavens, it may bo employed like the cqainoc 
tial, to refer the positions of the stars to, by circles drawn 
through them from tts poles and therefore perpendicular 
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to It Such circles urc termed, m ustronomy, circles of 
Ifttitndo — the dist'into of a BUir from the ecliptic, reckoned 
on the circle of latitude pa<!Stng through it, la called the 
laitixide of the stars — and the arc of the ecliptic intercepted 
between the vernal equinox and this circle, its longtlwh In 
the figure, X is a star, P X K n cir 
cle of declination drawn throngh 
It, by which it is referred to the 
equinoctial, and K X T a circle 
of Jatitiido referring jt to the 
ecliptic — then, as V R is the right 
ascension, and B X the declina 
tion, of X, so also is V T its 
longitude, and T X its latitude 
The use of the terms longitude 
and latitude, in this sense, seems to have originated in 
considering the ecliptic as forming a kind of natural 
equator to the heavens, as the terrestrial equator does 
to the earth — the former holding an iptanable position 
■mth respect to the stars, as the latter does with respect 
to stations on the earth's surface The Iotci} of this oh 
Bcrvation will presently become apparent 

(809 ) Knowing the right ascension and declination of an 
object, we may find its longitude and latitude, and vice 
vers& This is a problem of great use in physical astronomy 
— the following is its solution In our last figure E K P Q, 
the solstitial colure is of course 90'* distant from V, the 
vernal equinox, which is one of its poles — so that V R (the 
right ascension) being given, and also V B, the arc E B, 
and Its measure, the spherical angle B P R, or K P X, is 
known In the spherical triangle K P X, then, we have 
given, 1st, the side P K, which, being the distance of the 
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po\€3 ot the ecUpt\c and equinoctial, \a equal to the ob 
hqaity of the ecliptic, 2, the aide P X, the pofar rfw 
fonca, or the complement of the declination H X, and, 3, 
the inclnded angle K P X, and therefore, by spherical 
trigonometry, it is easy to find the other side K X, and 
the remaining angles Now K X is the complement of the 
re*qnircd latitnde X T, and the angle F K X being known, 
and P K V being a right angle (because S V is tho 
angle X K V becomes known Now this is no other than 
the measnre of the longitude V T of the object The in 
verse problem is resolved by the same triangle, and by a 
process exactly similar 

(810 ) It IS often of use to know the situation of the 
ecliptic m the visible heavens at any instant, that is to 
say, the points where it cuts the horizon, and the altitude 
of Its highest point or, as it is sometimes called the 
nonoffestmal point of the ecliptic, as well as the longitude 
o! this point on the ecliptic itself 
from the equinox These and all 
questions referable to the same data 
and qusesita are resolved by the 
spherical tnangle Z P E formed 
by the zenith Z (considered as the 
pole of the horizon), the pole of 
the equinoctial P and the pole of 
the ecliptic E The sidereal time 
being given, and also the right ascension of the pole of the 
ecliptic (which is always the same, viz 18" 0” 0^ the hoar 
angle Z P E of that point is known Then in this tri 
angle we have given P Z the co latitude P E, the polar 
distance of the po’le of the ec'liptic, 23"' 2B , and the angle 
Z P E from which we may find, 1st, the side Z E, which is 
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easiljr seen to bo equal to the altitude of the nonagesimal 
point sought, and 2dl^, the angle P Z E which is the azi 
muth of the pole of the ecliptic, and which, therefore, being 
added to and subtracted from 90"*, gives the azimuth of 
the eastern and western intersections of the ecliptic with 
the horizon Lastly, the longitude of the nonagesimal 
poiut may be had by calculating m the same triangle the 
angle P E Z which is its complement 

(311 ) The angU of situation of a star is the angle in 
eluded between circles of latitude and of declination pass 
ing through it To determine it in any proposed case we 
must resolve the triangle P S E, in which are given P S 
P E and the angle S P E which is the difference between 
the star s right ascetreion and 18 hours from which it is 
easy to find the an^gle P S E required This angle is of use 
lo many inquiries in physical astronomy It is called in 
most books on astronomy the angle of position but this 
expression has become otherwise and more conveniently 
appropriated (See art 201 ) 

(312 ) The same course of observations by which the 
path of the sun among the fixed stars is traced and the 
ecliptic marked out among them determines of course the 
place of the equinox V (fig art SOS) upon the starry spl cre, 
at that time — a point of great importance m practical astcon 
omy ns it is the origin or zero point of right ascension 
Now when this process is repeated at considenhly distant 
intervals of time a very remarkable phenomenon is ob 
served \iz tint the equinox does not preser\e a constant 
place among the stars but shifts its position travUIiog con 
tinually and regularly although with extreme slowness, 
facl.tcard along the ecliptic, in the direction "V 17 from cast 
to west or the conlrary to that in which the sun iqj ear to 
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move iQ that cvrcle As tUo ecUpUc and equinoctial are not 
very much indmed, this motion of the equinox from east 
to west along the former, conspires (speaking generall}) with 
the diurnal motion, and cames it, with reference to that mo 
tion, continually m advance upon the stars hence it has ac- 
quired the name of the precesston of (he ejMinozej, because the 
place of the equinox among the stars, at every subsequent 
moment, precedee (with reference to the diurnal motion) that 
which it held the moment before The amount of this mo- 
tion by which the equinox travels backward, or retrogrades 
(as It la called), on the ecliptic, is 0" 0 60 10* per annum, an 
extremely minute quantity, but which, by its continual 
accumulation from year to year, at last makes itself very 
palpable, and that m a way highly inconvenient to practical 
astronomers, by destroying, in the lapse of a moderate num 
ber of years, the arrangement of their catalogues of stars, 
and making it necessary to reconstruct them Since the 
formation of the earliest catalogue on record, the place of 
the equinox has retrograded already about 30” The period 
in which it performs a complete tour of the ecliptic is 25 8C8 
years 

(313 ) The immediate uranographical effect of the pre 
cession of the equinoxes is to produce a umform increase of 
longitude m all the heavenly bodies, whether fixed or er 
ratic For the vernal equinox being the initial point of 
longitudes, as well as of nght ascension, a retreat of this 
point on the ecliptic tells upon the longitudes of all alike, 
whether at rest or in motion, and produces, so far as its 
amount extends, the appearance of a motion in longitude 
common to all, os if the whole heavens bad a slow rotation 
round the poles of the ecliptic in the long period above 
mentioned, similar to what they have m twenty four hours 



202 


ouTLmss or yiSTJio^om 


round those o! the equinoctial This increase of longitude, 
the reader will of course observe aud bear in mmd, is, prop 
erlj speaking, neither a real nor an apparent movement of 
Oie aiars It is n purely teobnical result, arising from the 
gradual shifting of the zero point from which longitudes are 
reckoned Had a fixed star been cbosen as the origin of 
loQgitndcs, they would have been invariable 

(814 ) To form a just idea of this cunous astronomical 
phenomenon, however, we must abandon, for a time, the 
consideration of tbo ecliptic, as tending to produce confu 
81011 m our ideas, for this reason that the stability of the 
ecliptio Itself among the stars is (as already hinted, art SO^ 
only approximate, and that in consequence its intersection 
with the equinoctial is liable to a certain amount of change, 
arising from ils fluctuation, which mixes itself with what is 
due to the principal uranographical cause of the pUenorae 
non This cause will become at once spparent if instead 
of regarding the equinox we fix our attention on the pole 
of the equinoctial or the vanishing point of the earth s axis 
(316 ) The place of this point among the stars is easily 
determined at any epoch, by the most direct of all astronom 
ical obsen ntions — those with the meridian or mural circle 
By this instrument we are enabled to ascertain at ever^ 
moment the exact distance of the polar point from any three 
or more stars and therefore to lay it down, by tnangnlating 
from thc'^e stats, with unerring precision, on a chart or 
globe without the iea'st reference to the position of the 
ecliptic, or to nny other circle not naturally connected w th 
It Now, when this is done with proper diligence and ex 
actness It results that although for short intervals of tune, 
such as a few days the place of the pole may he regarded as 
not sensibly variable, yet m reabty it is in a state of con 
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Btant, although extremely slo\\ motiou, and, what i3 still 
more remarkable, this motion is not uniform, but com 
pounded of one principal, uniform, or nearly uniform, part, 
and other smaller and subordinate periodical fluctuatious: 
the former giving nse to the phenomena of precession ^ the 
latter to another distinct phenomenon called nutation 
These two phenomena, it is true, belong, theoretically 
speaking, to one and the same general head, and are inti 
mately connected together, forming part of a great and com 
plicated chain of consequences Oowing from the earth’s rota 
tion on its axis, but it will be conducive to clearness at 
present to consider them separately 

(316 ) It IS found, then, that m virtue of the uniform 
part of the motion of the pole, it describes a circle in the 
heavens around the pole of the ecliptic is a centre, keeping 
constantly at the same distance of 23° 28 from it m a direc 
tion from east to west, and with such a velocity, that the 
annual angle described by it, m this its imaginary orbit, is 
60 10', BO that the whole circle would be described by it in 
the above mentioned period of 25,868 years It la easy to 
perceive how each a motion of the pole will give rise to the 
retrograde motion of the equinoxes, for in the figure, art 
SOS, suppose the pole P in the progress of its motion in the 
small circle P O Z round K to come to O, then, as the situa 
tion of the equinoctial E V Q is determined by that of the 
pole, this, it IS evident, must cause a displacement of the 
equinoctial, which will take a new situation, E U Q, 90* 
distant in every part from the new position O of the pole 
The point IT, therefore, in which the displaced equinoctial 
will intersect the ecliptic, * e the displaced equinox, will 
lie on that side of Y, its original position, toward which the 
motion of the pole la directed, or to the westward 
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(317 ) Tho prcceaaion ol tlie equinoxes thus conceived, 
coiiHists, then, in ft real but \ cr^ slow motion of the pole of 
the heavens nmong tlie stars, in a small circle round tlio pole 
of tho ecliptic Now this cannot happen without producing 
corresponding changes in the apparent diurnal motion of tho 
sphere, and the aspect whicli tho heavens must present at 
very remote periods of historj The pole is nothing mofe 
than tho \anishing point of tho earth's avis As this point, 
then, has each a motion as wo hate described, it necessarily 
follows that tho earth s axis must hat e a conical motion, in 
virtue of which it points successively to every part of the 
small circle in question Wo may form the best idea of 
such a motion by noticing a child a pegtop, when it spins 
not upright, or that amusing toy the to to turn, which, when 
delicately executed, and nicely balanced, becomes an ele 
gant philosophical instrument, *ind exhibits in the most 
beautiful manner the whole phenomenon The render will 
take care not to confound the variation of the position of the 
earth s axis tn space with a mere shifting of the imagiaaiy 
line about which it revolves, in its interior The whole 
earth participates m the motion, and goes along with the 
axis as xf It were really a bar of iron driven through it 
That such 13 the case is proved by the two great facts 
1st, that the latitudes of places on the earth, or their geo- 
graphical situation with respect to the poles hdve under 
gone no perceptible change from the earliest ages 2d!y, 
that the sea maintains its level, which could not be the case 
if the motion of the axis were not nccompamed with a mo 
tion of tho whole mass of the earth ’ 


* local changes of the sea lerel, nns ng from purely gooloe«al 
are easily dIaUngnjsbed from that general and systainat c altefaboo wliieb a 
shifting of tho Bxla of rotation vronld g to nso to 
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(318 ) Tlic \ i«tble elfect ot precc«3iQa oa the aspect of 
the be-iverts consists m the ai parent approach of some stars 
and consvellationa to the pole and rcce«s of others Tbo 
bnjjlit star of the Lesser Bear, which we call the pole star, 
Ins not always been, nor will always continne to be, our 
cynosure At the time of the construction of the earliest 
catalogues it was 12’ from the pole — it is now only 1® 24 , 
and will approach yet nearer, to within half a degree, after 
which It will again recede, and slowly give place to others, 
which, will succeed in its companionship to the pole After 
a lapse of about 12 000 years, the star a Lyrso the bnghtest 
in the northern hemisphere, wiU occupy the remarkable 
situation of a pole star approaching within about 6® of 
the pole 

(319 ) At the date of the erection of the Great Pyramid 
of Gizeh, which precedes by 8970 years (say 4000) the pres 
eat epoch, the longitudes of all tbo stars were less by 65® 45 
than at present Calculating from this datum* the place of 
the pole of the heavens among the stars it will bo found to 
fall near a Draconis its distance from that star being 
8® 44 25' This being the most conspicuous star* in tbo 
immediate neighborhood was therefore the pole star at that 
epoch And the latitude of Gizeh being just 80° north and 
consequently the altitude of the north pole there also 80° it 
follows that the star in question must hive had at its lower 
culmination, at Gizeh, an altitude of 26° 16 85' Now it is 
a remarkable fact ascertained by the late researches of Col 


* On thU calculation tbe d mtnut on of tbo obi qu ty of the ocbpUo in the 
4D00 years etapeod baa no tnSuence That d miantion arucs from a change bi 
the plane of the earth a orbit and has nothing to do with the change in tho 
po# t on ol its aiw as referred to the starry sphere 

* > Diwonis is now an t neons p cuous star of the 4tb magnitude but there 
is distinct eridence to show thst it was formerly bnghter 

Awaosoin— Yoi 335—12 
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"Vyse, that,of tte mne pyramids still existing at Gizeb, six 
(including all the largest) have the narrow passages by 
which alone they can be entered (all which open oat on the 
northern faces of their respective pyramids) inclined to the 
horizon downward at angles as follows: 

iBt, or 3’7ram»d of Cheops 26* 41', 

2d, or PyTMnid of Cephreu 25 66 

3d, or Pyramid of ITyoerlnus 26 2 

4th, , 22 0 

6th, 22 12 

8th, 28 0 

Moan . 26 42 

Of the two pyramids at Abousseir also, which alone 
exist m a state of sufficient preservation to admit of the in- 
clinations of their entrance passages being determined, one 
has the angle 27” 6', the other 26“, 

(320 ) At the bottom of every one of these passages, 
therefore, the then pole star must have been visible at its 
lower cnlmination, a circnmstance which can hardly be sup- 
posed to have been unintentional, and was doubtless con 
nected (perhaps superstitiously) with the astronomical obser- 
vation of that star, of whose proximity to the pole at the 
epoch of the erection of these wonderful structures, wo are 
thus furnished Tvitb a monumental record of the most im- 
perishable nature 

(321.) *T\iq nutation of the earth’s axis is a small and slow 
subordinate gyratory movement, by which, if subsisting 
alone, the pole would describe among the stars, in a period 
of about nineteen ycirs, a minute ellipsis, having its longer 
axis equal to 28 ''6, and its shorter to IS ''74; the longer 
being directed toward the pole of the ecliptic, and tbo 
shorter, of course, at right angles to it. The con<feqaenco 
of this real motion of the pole is an tippurent approach and 
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recc«3 of all the stars in the hca\ ens to the pole In the same 
pcnotl Since, also, the phee of the equinox on the ecliptic 
IS detcrraincci the place ol the pole m the heniens, the 
same cause vv-ill gi\e ri'^e to a small alternate ndaanco and 
recess of the equinoctial points, by uhich, in the same 
period, both the longitudes and the right ascensions of the 
starti will be also alternately increased and diminished 
(322 ) Both these motions, however, although here con 
eidered Bcparately, subsist jointly, and since, vbilo in virtue 
of the nutation, the pole is deocnbmg its little ellipse of 
18' 6 in diameter, it is earned by the greater and regnlarly 
progressive motion of precession oi er so much of its circlo 
round the pole of the ecliptic as corresponds to nineteen 
years — that is to saj, oter an angle of nineteen times 60* 1 
round the centre (which in a small circle of 23° 28 in 
diameter, corresponds to 6 20’ as seen from the centre of 
the sphere) the path which it will pursue in virtue of the 
two motions, subsisting jointly will bo neither an ellipso 
nor an exact circle, but a gently undulated ring like that 
in the figure (where, however, the undulations arc much 
exaggerated) (Sec fig to art S25 ) 

(323) These movements of prcce^tsion and nutation are 
common to all the celestial bodies, both fixed and erratic, 
and this circumstance makes it impossible to attribute them 
to any other cause than a real motion of the earth s axis 
such as we have described Did they only affect the stars, 
they might, with equal plausibility, be urged to anso from a 
real rotation of the starry heavens, as a solid shell, round an 
axis passing through the poles of the ecliptic m 25,868 
years, and a real elliptic gyration of iJiat axis in nineteen 
years but since they also affect the sun, moon, and planets, 
which, having motions independent of the general body of 
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Yyse, that of the nine pyramids still existing at Gizeli, six 
(including all the largest) Lave the narrow passages by 
which alone they can be entered (all which open out on the 
northern faces of their respective pyramids) inclined to the 
horizon downward at angles as follows 


l8t or PTramld of Cheops 
2d or Pyrsmid of Cephrea 
3d or Pyramid of M/cerinus 


Of the two pyramids at Aboueseir also, which alone 
exist in a state of sufScient preservation to admit of the in 
clinationa of their entrance passages being determined, one 
has the angle 27“ 6 , the other 26“ 

(320 ) At the bottom of every one of these passages, 
therefore, the then pole star must have been visible at its 
lower culmination, a oircumstanee which can hardly be sup 
posed to have been unintentional, and was doubtless con 
nected (perhaps superstitiously) with the astronomical obser 
vation of that star, of whose proximity to the pole at the 
epoch of the erection of these wonderfnl structures, we are 
thus furnished with a monumental record of the most im 
perishable natare 

(321 ) The jiufnfion of the earth's axis is a small and slow 
snbordinate gyratory movement, by which, if subsisting 
alone, the pole would describe among the stars, in a period 
of about nineteen years, a minute ellipsis, having its longer 
axis equal to 18' 6, and its shorter to IS' 74, the longer 
being directed toward the pole of the ecliptic, and the 
shorter, of course, at nght angles to it The consequence 
of this real motion of the pole is an apparent approach and 
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rccc's of all the stars jn the lica\ cna to the pole In the game 
period Since, also, the place of the equinox on the ecUptio 
IS determmeil the place of the pole m the heaicns, the 
same cauBO will gn e rise to a small alternate adi ance and 
recess of the equinoctial points, by which, in the samo 
penod, both the longitudes and the nght ascensions of the 
start will bo also alternately increased and diminished 
(822 ) Both these motions, howev^cr, nlthongh here con 
Bidercd separately, sub'^ist jointly, and since, while in virluo 
of the nutation, the pole is describing its little ellipse of 
18' 6 in diameter, it is earned by the greater and regularly 
prog^e83l^e motion of precession oier so much of its circle 
round the pole of the ecliptic as corresponds to nineteen 
years — that is to say o\ er au angle of nineteen times CO’ 1 
round the centre (which in a small circle of 23° 28 in 
diameter, correapontls to 6 20' as Been from the centre of 
the sphere) the path which it will pursue in virtue of the 
two motions, subsisting jointly will be neither an ellipse 
nor an exact circle, but a gentlj undulated ring like that 
in the figure (where, however the nndulatioas are much 
exaggerated) (See fi,g to act 32u ) 

(823) These mo^ement8of precession and nutation are 
common to all the celestial bodies both fixed and erratic, 
and this circumstance makes it impossible to attribute them 
to any other cause than a real motion of the earth a axis 
such as we have de«cnbed Did they only affect the stars, 
they might, with equal plausibility, be urged to arise from a 
real rotation of the starry heavens, as a solid shell round an 
axis passing through the poles of the ecliptic m 25,863 
yesJSr And a real eBiptic gyraljism isf ilsj sx.'s }S 
years but since they also affect the sun, moon, and planets, 
which, having motions independent of the general body of 
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tho star. ,.tbout 

to the celestial concave, this idea 

.Here only remains, then, a real „ I 

which they con be accounted for apnnences of 

.ubseqncnt chapter that they are necessary - 1 ““ 

the rotation o! the earth; combined with its 
and the unequal attraction of the sun and moon 
and equatorial regions . 

(324) Tlranographically considered, as 
parent places of the stars, they are of the utmost i p 
m practical astronomy When we speak of the ng 

Sion and declination of a celestial object, 

sary to state what epoch we intend, and w e er w 

them.an right ascension^leared, that is. of periodic 

anctuation m Its amount, which arises from natation, 

apparent right ascension, which, being rec one ro 
alual place of the vernal equinox, is affected by the period 
ical advance and recess of the equinoctial point produced 
by nutation-and so of the other elements It is the pra 
tice of astronomers to reduce, as it is termed all t eir o ser 
vations, both of right ascension and declination, to gome 
common and convenient epoch — such as the beginning o 
the year for temporary purposes, or of the decade, or lO 
century for more permanent uses, by subtracting from them 
the whole effect of precession in the interval, and, more 
over^ to divest them of the induence of natation by invcsti 
gating and subducting the amount of change, both m right 
ascension and decimation, duo to the displacement of the 

. Thl» argument cogent M It I* acqutrw add tore* /«m 

the Uw Dilution which Is derondent on the wcruu.t 

lu«r orbit. If wo ettrlb 110 It to e iLiTJl t«mor b/ the moUoi. 

then maintain that ephoro to bo kept in a constant eialo 
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pole from tUo ceatrc to tUo circiimfercacc of tUo litUo ellipse 
above mentioned This la^t proct's la technically termed 
correcting or tquaUtig tUo observation (or nutation, by 
which latter word is always underatoo<l in astronomv, the 
getting nd of a periodical cau^c of flactuation, and present 
jng a result, not as it tias ob‘;ervcd, but as it would have 
bedn observed, had that cause of fluctuation had no exist 
cnce 

(325) For these purposes in the pre ent case, \ cry con 
venicnt formula} have been derii ed, and tables constructed 
They are, howcicr of too technical a character for this 
work, we shall, however, 
point out the manner in 
which the investigation is 
condnctcd It has been 
shown in art 309 by wbat 
means the right ascension 
and decimation of an object 
are derived from its longitude 
and latitude Referring to 
the figure of that article, 
and supposing the triangle 
K P X orthograpbically projected on the plane of the eelip 
tic as in the annexed figure in the triangle K P X K P is 
the obliquity of the ecliptic, K X the co latitude (or comple 
ment of latitude) and the angle P K X the co longitude of 
the object X These are the data of oar question of which 
the second is constant and the other two are varied by the 
effect of precession and nutation and their variations (coo 
BidcriDg the minuteness of the latter effect generally, and the 
small number of years in companson of the whole period of 
25,868, for which we ever require to estimate the effect of 
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the former) are of that order which may be regarded aa m 
finitesimal in geometry, and treated aa such without fear of 
error The whole question, then, is redncecl to this — ^In a 
spherical triangle K P X, m which one aide K X is con 
stant, and an angle K, and adjacent aide X P vary by given 
inhmtesimal changes of the position of P required the 
changes thence arising in the other side P X, and the angle 
K P X This IS a very simple and easj problem of spher 
jcal geometry, and being resolved, it gives at once the re 
ductions we are seeking, for P X being the polar distance 
of the object, and the angle K P X its right ascension plus 
90°, their variations are the very quantities we seek It 
only remains then, to express in proper form the amount of 
the precession and nutation in longitude and latitude, when 
their amount in right ascension and declination will imniedi 
ately be obtained 

(326 ) The precession m latitude is zero, since the lati 
tudes of objects are not changed by it, that in longitude 
IS a quantity proportional to the time at the rate of 60* 10 
per annum 'W'lth regard to the nutation in longitude and 
latitude, these are no other than the absciss'! and ordinate 
of the little ellipse in which the pole moves The law of 
its motion, however, therein, cannot be understood till the 
reader has been made acquainted with the pnncipal features 
of the moon a motion on which it depends 

(3^7 ) Another consequence of what Ins been shown 
respecting precession and nutation, is that sidereal time, 
as astronomers use it, t « as reckoned from the transit of 
the equinoctial point, is not a mean or uniformly fiowing 
quantity, being affected by nutation, and, moreover, that to 
reckoned even when cleared of the periodical fluctuation 
of nutation, it does not strictly correspond to the oarth’s 
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diumal rotation Aa the sun loses one day m the year on 
the stars, by its direct notion m longitude, so the equinox 
jfaiTM one day in 25,8S8 years on them by its reirograda 
iton TVo ought, therefore, as carefully to distinguish be 
tween mean and apparent sidereal as between mean and 
apparent solar time 

• (828 ) Neither precession nor nutation change the ap 
parent places of celestial objects xntpr se "W'e see them, 
so far as these causes go, as they are^ though from a station 
more or less unstable, as we see distant land objects cor 
rectly formed, though appearing to rise and fall when 
viewed from the heaving deck of a ship in the act of 
pitching and rolling Bat there la an optical cause, inde 
pendent of refraction or of perspective, which displaces 
them one among the other, and causes us to view the heav 
ens under an aspect always to a certain slight extent false, 
and vrhose influence must be estimated and allowed for be 
fore we can obtain a precise knowledge of the place of any 
object This cause is jrhat is called the aberration of light, 
a singular and surprising effect arising from this, that we 
occupy a station not at rest but in rapid motion, and that 
the apparent directions of the rays of light are not the same 
to a spectator in motion aa to one at rest As the estima 
tion of Its effect belongs to uranography, we must explain 
it here, though, in so doing, we must anticipate some of 
the results to be detailed in subsequent chapters 

(329 ) Suppose a shower of rain to fall perpendicularly 
in a dead calm, a person exposed to the shower, who should 
stand quite still and upright, would receive the drops on 
bis hat, which would thus shelter him, but if be ran for 
ward in any direction tuey woa’id strike ’nim in t‘be lace 
The efiect would be the same as if he remained still, and 
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n 'Wind should unso of the eamo vclocitjr, and drift them 
against him Suppose a ball lot fall from a point A above 
a horizontal line E F, and that at B were placed to receive 
It tbo open month of an inclined hollow tube P Q, if the 
tnbo wore held immovable the ball would strike on its 
lower side, bnt if the tube were carried forward in the 
direction B P, with a velocity properly adjusted at eveiy 
instant to that of the ball, while preserving its tncUnatton 


OA 



to the horizon, so that when the ball in its natural descent 
reached C, the tnbe should have been carried into the posi 
tion B S it IS evident that the ball would, throughout its 
whole descent, be found in the azis of the tube and a 
spectator referring to the tube the motion of the ball, and 
cimed along with the former, unconscious of its motion, 
would fancy that the ball had been moving in the inclined 
direction B S of the tube’s axis 

(330 ) Our eyes and telescopes are such tubes In what- 
ever manner we consider light, whether as an advancing 
wave in a motionless ether or a shower of atoms traversing 
space (provided that in both cases we regard it os ab«o 
lately incapable of Buffering resistance or corporeal obstruc 
tion from the particles of transparent media traversed hy 
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It*), if la tbe interval between the rajs traversing the object 
gloss of the one or the cornea of the other (a< winch moment 
they acquire that convergence whicb directs them to a cer * 
tain point tn Jvzed jpace) and their arrival at their focus, 
the cross wires of the one or the retina of the other be 
slipped astdcy the point of convergence (which remains an 
changed) will no longer correspond to the intersection of 
the wires or the central point of our visual area The 
object then will appear displaced, and the amount of this 
displacement is aberration 

(831 ) The earth is moving through space with a velocity 
of about 19 miles per second in an elliptic path round the 
sun, and is therefore changing the direction of its motion 
at every instant Light travels with a velocity of 192 000 
miles per second which although much greater than that 
of the earth is yet not infinitely so Time is occupied by 
It m traversing any space and in that time the earth tie 
scnbes a space which is to the former as 19 to 192 000 
or as the tangent of 20' 6 to radius Suppose now APS 
to represent a ray of light from a star at A and let the 
tube P Q be that of a telescope so inclined forward that 
the focus formed by its object glass shall be received upon 
its cro'is wire it is evident from what has been said that 
the inclination of the tube must be such as to make 
PS S Q velocity of light velocity of the earth 1 
tan 20' 6 and, therefore the angle S P Q or P fc> K by 


’ Thia condition ia tnd epenaalito W thout t we tall nto »U tboae d fll 
Cu) ea whicb U Doppler has no well po aled out o bts paper on Abe rat on 
(Abbandlungen der k boemwcheo Gese Uchaft der W ssenscbaflen Folg:® T 
Tol u) If light aell or the lum nile ous ether be corporeal the cond t on 
ina sted on amounts to a format surrender of the dogn a e t er of Iho ezten on 
or of the impenelrab 1 1/ of matter at le-vst In the sense n wh ch those terms 
base been bilbetto used by meWphya c ana. At the poiot to wb cb ac enco 
is arr red probably few will be found d sposed to maintain e ther the one or 
the other 
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whioh the axis of the telescope must deviate from the tme 
direction o£ the star, must be 20' 5 

(332) A similar reasoning will hold good when the 
direction of the earth s motion is not perpendicular to 
the visual ray If S B be the true direction of the visual 
ray and A 0 the position in which the telescope requires 
to be held in the apparent direction we must still have 

s the proportion B 0 B A veloc 

--X ^ ity of light velocity of the earth 

y rad Bine of 20' 6 (for in such 

small angles it matters not whether 
® ® we use the sines or tangents) But 

we have also by trigonometry B C BA sine of 
BAG sine of A G B or G B P, which last is the appar 
ent displacement caused by aberration Thus it appears 
that the sine of the aberration or (since the angle is ex 
tremely small) the aberration itself is proportional to the 
sine of the angle made by the earth s motion lu space with 
the visual ray and is therefore a maximum when the line 
of sight is perpendicular to the direction of the earth a 
aiotton 

(333 ) The uranographical effect oi iberration then is 
to distort the "ispect of the heavens causing all the stars 
to crowd as it were directly toward that point in the 
heavens which is the vanishing point of all lines parallel 
to that in which the earth is for the moment moving 
As the earth moves round the sun in the plane of the 
ecliptic this point toast lie in tl at plane 90® in advance 
of the earth a longitude or 90® behind the suns and shifts 
of course continually (le'5eribing the circumference of the 
ecliptic iq a year It is eas^ to deaion'^tcate tl at the effect 
on each part ciilar star lull be to make it apparently de 
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xcribo a small olbpse in the heavens, having for its centre 
the point in \rhicli the star would be seen if the earth 
were at rest. 

(334 ) Aberration then affects the apparent right ascen- 
sions and declinations of all the stars, and that bj quanti- 
ties easily calcnlable. The formula} most convenient for 
that purpose, and which, systematically embracing at the 
same time the corrections for precession and nutation, en 
able the observer, with the utmost readiness, to disencura 
ber his observations of right a«icen3ion and declination of 
their inQuence, have been constructed by Prof. Bessel, and 
tabulated in the appendix to the first volume of the Trans- 
actions of the Astronomical Society, where they will be 
found accompanied with an extensive catalogue of the 
places, for 1830, of the principal fixed stars, one of the 
most useful and best arranged works of the kind which 
has ever appeared 

(335) 'When the body from which the visual ray ema- 
nates 13 Itself in motion, an effect arises which is not prop 
erly speaking aberration, though it is usually treated under 
that bead in astronomical books, and indeed confounded 
With it, to the production of some confusion in the mind 
of the student The effect in question (which is indepen 
dent of any theoretical views respecting the nature of light*} 


' The results of Iho onduktorj end corpuacut^ tbeones of light, m the mat- 
ter of aberration are, m the mam, the game We say «rt the mam There is, 
however, a nunute diSereoce even of numencat rcauits la the uodatatory 
doemne, the propagation of light takes place with equal velocity in all direc- 
Uo& 8 , whether the luminary be at teat or m motioa In the corpuscular, wlUi 
au excess of velocity in tbe direct on of the motion over that in the contrary 
equal to twice the velocity of the body’s motion In the cases then of a body 
moving with equal velocity directly to and d rectly from the earth, the aberra 
tions will be aliie on the undiilstory, but different on the corpuscular bypothe- 
>28. The utmost difference wi ich can anse from this cause tn cur »y»lm cannot 
amount to above six thousandths of a second 
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may be expHmed as follows The bj which we see 
any object is not that which it emits at the moment we 
look at It, but that which it did emit some time before, vtz 
the time occupied by light in traversing the interval which 
Bcparates it from us The aberration of such a body then 
arising from the earth s velocity must be applied as a cor 
rection not to the line joining the earth s place at the 
moment of observation with that occupied by the body 
at (he sa?ne moment but at that antecedent instant when 
the ray quitted it Hence it is easy to derive the rule 
given by astronomical writers for the case of a moving 
object From the hnoton laws of its motion and the earOi tf, 
calculate its apparent or relatiie angular moiioi »n the time 
taken hy light to traverse tts distance from the earth This 
IS the total amount of tts apparent misplacement Its effeot 
13 to displace the body observed in a direction contrary to 
its apparent motion in the heavens And it is a compound 
or aggregate effect consisting of two parts one of which la 
the aberration, properly so called, resulting from the com 
position of the earth s motion with that of light the other 
being what is not inaptly termed the Fquation of lights being 
the allowance to be made for the time occupied by the light 
in traversing a variable space 

(836) The complete Feiluction, as it is called, of an 
astronomical observation consists in applying to the place 
of the observed heavenly body as read off on the instru 
ments (supposed perfect and in perfect adjustment) five dis^ 
tmet and independent corrections mz those for refraction, 
parallax, aberration, precession and nutation Of these the 
comction for refraction enables us to declare what would 
have been the obso^^cd plact were there no atmosphert- to 
cltsplaco It That for parallax enables us to »a> from ito 
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place observed at the surlacc of the earth, where it would 
have beeo seen if observ'ed from the centre That for aber 
ration, where it would have been observed from a motion- 
less, instead of a moving station: while the corrections for 
precession and nutation refer it to fixed and determinate 
instead of constantly varying celestial circles. The great 
importance of these corrections, which pervade all astron- 
omy, and have to be applied to every observation before it 
can be employed for any practical or theoretical purpose, 
renders this recapitulation far from superfiuous 

(337.) Refraction has been already sufficiently explained 
(art 40), and it is only, therefore, necessary here to add that 
in its use as an astronomical correction its nraount must 
be applied m a contrary sense to that in which it affects 
the observation, a remark equally applicable to all other 
corrections, 

(338) The general nature of parallax or rather of par 
allactic motion has also been explained in art 80 But 
parallax xn the uranographical sense of the word has a 
more technical meaning It is understood to express that 
optical displacement of a body observed which is due to its 
being observed, not from that point which we have fixed 
upon as a conventional central station (from which we con 
ceive the apparent motion would be more simple in its laws), 
but from some other station remote from such conventional 
centre: not from the centre of the earth, for instance, but 
from its surface, not from the centre of the sun (which, as 
we shall hereafter see, is for some purposes a preferable 
conventional station), bat from that of the earth In the 
former case this optical displacement is called the dmrnal 
or geocentric parallax, in the latter the annual or helio- 
centric. In either case parallax is the correttton to be ap 
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plied to the apparent place of tho-hea\enlj bodj, as actuallj 
seen from the station of obsen ation, to reduce it to its place 
as It would have been seen at that instant from the conven 
tional station 

(S39 ) The dmrnal or geocentric pirallax at anj place of 
the earth’s surface is easily calculated if we know the dis 
tance of the body, and,*tnce 
rer^d, if we know the diurnal 
parallax that distance may be 
calculated For supposing S 
the object, C the centre of 
the earth, A the station of ob 
serration at its surface, and 
G A Z the direction of a per 
pendicnlar to the surface at A, 
then will the object be seen 
from A in the direction A S, 
and its apparent zenith dis 
tance will he Z A S, whereas, if seen from the centre, it 
will appear in the direction C S with an angular distance 
from the zenith of A equal to Z 0 S, so that Z A S — Z C S 
or A S C IB the parallax Now since by trigonometry O S 
O A am C A S = sm Z A S sin A S G, it follows that 

,, Badms of earth . « » c? 

tne sine of the paralIax=T^— r ^ — r + sin Z A fc> 

^ Distance of body 

(340 ) The diurnal or geocentric parallax, therefore, at a 
given place, and for a given distance of the body observed, 

IS proportional to the sine of its apparent zenith distance, 
and 18 , therefore, the greatest when the body is observed 
in the act of rising or setting, in which case its parallax la 
caWei its horizontal paxallax, so that a\ any othes zieaith 
distance, parallax = horizontal parallas-l-s;ne of apparent 
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zeoilb distance, and since A C S is always less than Z A S 
It appears that the application of the reduction or correction 
for parallax always acts in diminution of the apparent zenith 
distance or increase of the apparent altitude or distance from 
the Nadir, i e in a contrary sense to that for refraction 

(841 ) In precisely the same manner as the geocentric or 
diurnal parallax refers itself to the zenith of the observer 
for Its direction and qaantitative rule, so the hehocentrio 
or annual parallax refers itself for its law to the point m 
the beaaens diametrically opposite to the place of the sun 
as seen from the earth Applied as a correction, its effect 
takes place in a plane passing through the sun, the earth, 
and the observed body Its effect is always to decrease its 
observed distance from that point or to increase its angular 
distance from the sun And its sine is given by the rela 
tion, Distance of the observed body from the sun distance 
of the earth from the sun sine of apparent angular dis- 
tance of the body from the sun (or its apparent elongation) 
sine of heliocentric parallax * 

(342 ) On a summary view of the whole of the urano 
graphical corrections, they divide themselves into two 
classes, those which do, and those which do not alter the 
apparent configurations of the heavenly bodies inter se 
The former are real, the latter technical corrections The 
real corrections are refraction, aberration and parallax. 
The technical are precession and natation, unless, indeed, 
we choose to consider parallax as a technical correction in- 
troduced with a view to simplification by a better choice 
of our point of sight. 


* This account of tbe law of behocoitric panUaz is In sabcipatlon of what 
foUowB in a suh sequent chapter and wQl be better vaderstood b 7 the etadeot 
when Bomewhst furlher adrsneed. 
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(S13) TLo correctJon<< o( the firat ot these classes have 
one pecuhantj in respect of their law, common to them all, 
which the student of practical astronomy will do well to fix 
in his memory They all refer (hemsclies to definite apexes or 
•points of contergence in the sphere Thus, refraction in its 
apparent effect causes nil celestial objects to draw together 
or converge toward the zenith of the observer geocefitric 
parallax, toward his Nadir heliocentric, toward the place 
of the sun in the heaiena aberration toward that point in 
the celestnl sphero which is the vanishing point of all Jioes 
parallel to the direction of the earth's motion at the mo 
ment, or (as will bo hereafter explained) toward a point 
in the great circle called the ecliptic, 90“ behind the sun’s 
place in that circle "When applied as corrections to an 
observation, these directions are of course to bo reversed 

(344 ) In the quantitatn e law, too, which this class of 
corrections follow, a lihe agreement takes place, at least 
as regards the geocentric and heliocentnc parallax and 
aberration, in all three of which the amount of the correc 
tion (or more strictly its sine) increases in the direct propor 
ttoa ot the stao ot the apparent distance ef the observed 
body from the apex appropriate to the particular correction 
in question In the case of refraction the law is less simple, 
agreeing more nearly with the tangent than the sme of that 
distance but agreeing with the others in placing the maxi 
mum at 90“ from its apex 

(345 ) As respects the order in which these corrections 
are to be applied to any observation it is as follows 
1 Refraction 2 Aberration, 3 Geoceatno Parallax, 4 
Heliocentric Parallax, 5 Nutation, 6 Precession Such, 
at least is the order in theoretical strictness But as the 
amount of aberration and nutation is in all cases a very 
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minuto quautit) it matters not in wliat order they are 
applied) so that for practical convenience the) are always 
thrown together with the precession and applied after the 
others 


CHAPTER VI 

or THE BEN 8 MOTION AND PHYSICAL CONSTITUTION 

Apparent Mot on of the Sun not Un form — lu Apparent D ame er dIso 
V ariable — Tanaton of ts Distance Concluded — Ita Apparent Orb t 
an Ell pflo about the Focus — Law of the Angular Velocity — Equable 
De enpUon of Areas — Parallax of the Sun— Its D stance and Ifagn 
tude — Copemicau Ezplanat on of the Sun a Appa ent Mot on — Parallel 
sm of the Earth a Axis — The Seasons — Heat Rece red £ om the Sun 
j» Different Parts of the Orb t — Effect of Excentr city of the Orb t and 
Poa lion of ta Aria on Cliroate — Mean and Tme Long tudea of the Son 
—Equation of the Centre — 8 dereal Trop cal and Anomal at c Tears 
— Phys cal Conalitut on of the Sun — Ita Spota — Faculje — Probable 
Nature and Cause of the Spota — Recent D scorer ea of Mr Dawes — 
Of Mr Naamjth — Rotat on of the Sun on Its Ax s — Ita Atmosphere 
—Supposed Clouda — Penod cal Recurrence of a More and Lesa Spotted 
State of ita Surface — Temperature of ta Surface — Its Expend ture of 
Beat — Probable Cau e of Solar Radiation 

(846 ) Iv tfe foregoing chapters it has been shown that 
the apparent path of the sun is a great circle of the sphere 
which it performs in a penod of one sidereal year From 
this it follows that the line joining the earth and sun lies 
constantly tn one plane and that therefore whatever be 
the real motion from which this apparent motion arises 
It must be confined to one plane which is called the plane 
of the ecUpi c 

(347) We have already seen (art 146) that the suns 
motion in right ascension among the stars is not uniform 
This 13 partly ncconnted ior by the obliquity ol the ecliptic, 
in consequence of which equal vanationa in longitude do 
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hoi rr>rrr-"|>or)() to rq>ja) of ajttfonjoon Bol 

il wo oK'»ef>r l!»o |>!afe of tin nun {hrou^iioiJl the 

jear, bj the iranijt »jnJ ciriJc, nml fn»H} ihe«e cakiilate 
Ihr Jonpjtuil" for each jl vril) fliJI he foujjJ that, cren 
10 It* own j>roj>rr pnlh, jl.i apparent an^Milar mouon w Jar 
Jrom uniform The chan;;c of longitmle in twcnljr four 
tnfin aolar hours uiern^r* 0’ f/> 8* 33, hut about the Slat 
of Dectmljcr it nmnunu to I I'D' t>, and nlmul the 1st of 
la onl_) O' 87 ir8 Such arc the extreme limits, nml 
ruth the mean ^ nluc of the sun’s nj»jtarent nngulnr velocity 
in lU Annual orbit 

(318) l!ns variation of lU angular \clociU is nccom 
pametl with n corresponding change of its disUinco from 
«s The change of distance is rccognircd by a annation 
olrscrtwl to Labe place in its apparent diameter, when 
ineasureil at dilTcrcnt seasons of the year, With on instru 
jneni adapted for that purtmae, called the hthomrtfr^* or, by 
calculating from the time which its dink takes to traverse 
the mendnn in the transit instrument The greatest np 
parent diameter corresponds to the 1st of Janaary, or to 
tho greifest anguJar i oJocrly, and measwros 32 3S' 5, tho 
least IS 81 82' 0, and corresponds n tJio Isi of July, at 
which epochs, as wo have seen, tho angular motion js also 
at its extreme limit cither way Now, ns wo cannot supjioso 
tho sun to alter its real size periodically , tho observed change 
of Its apparent size can only anse from an actual change of 
distance And the sines or tangents of such amall arcs 
being proportional to the arcs themselves, its distances 
from us, at tho above named epoch, must be in tho inverse 
proportion of the apparent diameters It appears, therefore, 
tliat the greatest, the mean, and the least distances of tho 
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gift UJi an* u xhe- r ijK*ctiv* { mpo'tiorts of th« nu'^Vw 
1 ar ! 0 an 1 that iti aj’j an?nt ao^iibr 

Te’ociiT tijninMhe -1 a’* tie flMiant-O in rxn'^*, anti 11 “*? f^rst 
) It follow* (fOT llit« that tlif teal orbvt of the «ua, 
rc^crrctl th j earth huj potetl a* n'rt, i* not a circle wiib 
the earth in the centre Ti f Httualion of the earth within it 
l%*exr'rntnr, the rxfrutnritj arinrintinf; to 0 0It}7f> of the 
mean distatiLe, which r ajr I o re;rartlc«l ai oar unit of rncas 
arc in tbw itn|mry Hal he^mle^ thin, the /am of the orhit 
w not circular, but elliptic II from on^ |K)inl O, taken to 
represent the earth, we draw n line O A, m some fixed 
dinxtion, from which we then net off a riM of on^Iea, 
A O It, A O C, eU, , equal to the ol^trtcd longitDiIet of the 
sun throughout the vear and in thciio renj cctive direcliona 
mexiure off from O the di^tance^ 

O A, O n, O C, ttL , rcprtacnting 
the dt^tanCM deduced from the 
oh^cned diameter, ond then con 
nccl all the extremities A, II C, 
etc , of thcito lines hjr a conlinii 
oas carve, it is evident thm will be a correct rcjircuen 
tation of the rclatne orhit of the nun about the earth 
!Now, when this is done a dc\iaUon from the circular 
figure in the resulting curve becomes apparent it is found 
to 1)0 evidently longer than it is broad — that is to say, 
elliptic, and the point O to occupy, not the centre, but one 
of the foci of the ellipse The graphical process hero dc 
scribed is sufUcient to point out the general figure of the 
curve in question, but for t!io purposes of exact venfica 
tioo, It IS necessary to recur to the properties of the ellipse,* 

• fies Conic Bcetlon* \>J tho lUv IL P lUmiltoo or nny otl erof lb« Tcrj 
nnnorotui workt on tLU ittl^joct. 
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and to express the distance of an;y one of its points in terms 
of the angular situation of tint point with mpect to the 
longer axis, or Cnmeter of the ellipse This, however, is 
readily done, and when numerically calculated, on the sup 
position of the excentficity heiog such as aboie stated, a 
perfect coincidence is found to subsist between the distances 
thus computed, and those deri\ed from the measurement'of 
the apparent diameter 

(350 ) The mean distance of the earth and sun being 
taken for unity, the extremes are 1 01679 and 0 98321 But 
if we compare, in like manner, the mean or average angular 
velocity with the extremes greatest and least, we shall find 
these to be in the proportions of 1 03386 1 00000, and 
0 96670 The i anation of the sun s angular t^elocxty, then, 
is much greater in proportion than that of its distance — ^fnlly 
twice as great, and if we examine its nnmencal expressions 
at different periods comparing them with the mean value, 
and also with the corresponding distances it will he found, 
that by whatever fraction of its mean value the distance ex 
needs the mean, the angular velocity will fall short of tls 
mean or tverage quantity by very nearly itotet as great a 
fraction of the latter and iiee Ttfr«n Hence we are led to 
conclude that the angular idocily is in the in\erse proper 
tion not of the distance simply, but of its jjwarc, so that, 
to compare the daily motion in longitude of the sun, at one 
point A, of Its path, with that at B, we most state the pro 
portion thus — 

O B’ O A* daily motion at A daily motion at B 
And this IS found to be exactly verified in ev ery part of the 
orbit 

(851 ) Hence we deduce another remarkable conclusion— 

VIZ that if the sun he supposed really to moie around the 
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as the sun moves 'vlong its ellipse, this line (which is called 
JO 'jstronomj' the raihus lecior) will descrtbe or sweep oier 
that portion of the whole area or surface of the ellipse which 
13 included between its consecotue positions and the mo 
tion of the Buu will be such that equal areas are thus awept 
over hy the revolving radius vector tfj equal limes, in what 
ever part of the circumference of the ellipse the sun may he 
moving 

(358 ) From this it necessarily follows that in unequal 
times the areas described must be proportional to the times 
Thus, ID the figure of art 349 the time in which the sun 
moves from A to B is to the time in which it moves from 
C to D, as the area of the elliptic sector A 0 B is to the area 
of the sector DOG 

(854 ) The circumstances of the sun s apparent annual 
motion may therefore be summed up as follows — It is per 
formed in an orbit lying in one plane passing through the 
earth s centre called the plane of the ecliptic, and whose 
projection on the heavens is the great circle So called In 
this plane its motion is from west to east or to a spectator 
looking down on the plane of the elliptic from the northern 
Bide in a direction the reverse of that of the hands of a 
watch laid face uppermost In this plane, however, the 
actnal path is not circular, but elliptical, having the earth, 
not in its centre, but in one focus The excentricity of this 
ellipse 18 0 01679 in parts of a unit equal to the mean dta 
tance or half the longer diameter of the ellipse, t e about one 
sixtieth part of that semi diameter, and the motion of the 
eun m its circumference is so ri^aHted, that equal areas of 
the ellipse are passed over by the radius vector in equal 
times 

(356 ) 'What we have here stated supposea no knowledge 
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of the sun’s actual distance from the earth, nor, conso 
quently, ot the actual dimensions ol its orbit, nor of tbo 
body of the sun itself To come to any conclusions on 
these points vre must first consider by what means we can 
arrive at any knowledge of the distance of an object to which 
wo have no access Now, it is obvious, that its parallax 
atone can afford us any information on this subject Sup 
pose P A B Q to represent the earth 0 its centre, and S the 
sun, and A B two situations of a spectator, or, which comes 
to the same thing the stations of two spectators, both oh 
serving the sun S at the same instant The spectator A will 
see It in the direction A S a, and will refer it to a point a in 
the infinitely distant sphere of the fixed stars, while the 



spectator B will see it in the direction B S J and refer it 
to 6 The angle included between these directions or the 
measure of the celestial arc ah hy which it is displaced is 
equal to the angle A S B, and if this angle be known, and 
the local situations of A and B with the part of the earth s 
surface A B included between them it is evident that the 
distance 0 S maj be calculated Now, since A S C (art 
S39) 18 the parallax of the sun as seen from A and B S O 
as seen from B the angle A S B or the total apparent dia 
placement is the sum of the two parallaxes Suppose then 
two observers-one m the northern, the other m the 
eru hemisphere^at stations on the same mend.an 
serve on the same day the meridian altitudea ol ^ ^ 
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centre thonco derived the appnrent aenith dla 

tincea, and cleared them of the effects of refmclion, if the 
distanco of the »un Trcre equal to that of the fixed alara, the 
Runj of the rcnitb diatantca thus found would bo precisclj 
equal to the Bum of the htitudcs north and south of the 
pHtes of observation For the sum in question would then 
bo equal to the angle Z C X, which is the meridional dis- 
tance of the stations across the equator But the effect of 
parallax heing in both cases to increase the apparent zenith 
distances, their observed sum will l>e greater than the sum 
of the latitudes, b> the sum of the two parallaxes, or by the 
angle A S B 'I’lna angle, then, is obtained fay fmbdtiGting 
the sum of the north and south latitudes from that of the 
renith distances, and this once dctennincd, the horizontal 
parallax is easily found, by dividing tbc angle so determined 
tbe sum of the sines of the two latitudes 
(350 ) If the two stations be not exactly on the same 
meridian (a condition very difficult to fulfil), the same proc 
CS3 will apply, if we take care to allow for the change of the 
sun’s actual zenith distance in the interval of time elapsing 
between its arrival on the meridians of Che stations This 
change is readily ascertained, either from tables of the son’s 
motion, grounded on the experience of a long coarse of ob 
eervations, or by actual obso^^ ation of its mendional altitude 
on several days before and after that on which tbe observa 
tiona for parallax are taken Of course, the nearer the sta 
tiona are to each other in longitude, the less is this interval 
of tune, and, consequently, the smaller tbe amount of this 
correction, and, therefore, the less injurious to the accuracy 
of tbe final result is any uncertainty in the daily change of 
zenith distance which may arise from imperfection m the 
solar tables, or in the observations made to determine it 
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(857 ) The horizontal parallax of the sun has been coo 
eluded from observations of the nature above described, 
performed in stations the most remote from each other in 
latitude, at which observatories have been instituted It 
has also been deduced from other methods of a more re 
fined nature, and susceptible of much greater exactness, to 
be* hereafter described Its amount so obtamed, is about 
8* 6 Minute as this q^uantity is there can be no doubt that 
it IS a tolerably correct approximation to the truth, and in 
conformity with it we must admit the sun to bo situated at 
a mean distance from us, of no less than 23984 times the 
length of the earth’s radius, or about 9o000000 miles [jSee 
Note F ] 

(3oS ) Tliat at so \ast a distance the sun should appear to 
us of the size it does and should so powerfully influence our 
condition by its heat and light requires us to form a very 
grand conception of its actual magnitude and of the scale 
on which those important processes are carried on within it, 
by which it la enabled to keep up its liberal and unceasing 
supply of these elements As to its actual magnitude we 
can be at no loss knowing Us distance and the angles un ler 
which its diameter appears to us An object placed" at the 
distance of 9 qOOOOQO miles, and subtendiug an angle of 
32 1', must have a real diameter of 882000 miles Such, 
then 13 the diameter of this stupendous globe If we com 
pare it with what we have already ascertained of the dimen 
sions of our own we shall find that in linear magnitude it 
exceeds the earth in the proportion 1111 to 1 and la bulk in 
that of 1381472 to 1 

(3o9 ) It 13 hardly possible to avoid associating our con 
ception of an object of definite globular figure, and of such 
enormous dimensions, with some corresponding attnbute of 
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mosaivonoss and material solidity. That tho sun is not a 
mero phantom, but a body having its own peculiar structure 
and economy, our telescopes distinctly inform ns. They 
ehow us dark spots on its snrfaco, which slowly change their 
places and forms, and by attending to whoso situation, at 
different times, astronomers have ascertained that tho sun 
revolves about an axis nearly perpendicular to tho plano*of 
tho ecliptic, performing one rotation in a period of about 25 
days, and in the same direction with the diurnal rotation of 
tho earth, t e from west to cast, Hera, then, we hate an 
analogy with our own globe; the slower and more majestic 
movement onlj corresponding with tho greater dimensions 
of the machinery, and impressing us isith the prcialenceof 
similar mechanical laws, and of, at least, such a community 
of nature os the existence of inertia and obedience to force 
may argue Now, in the exact proportion in which we in- 
vest our idea of this immense bulk with the attribate of 
inertia, or weight, it becomes difficult to conceive its circu- 
lation round so comparatively small a body as the earth, 
without, on tho one hand, dragging it along, and displacing 
it, if bound to it by some invisible tie, or, on the other 
hand, if not so held to it, pursuing its course alone in space, 
and leaving the earth behind If we connect two solid 
masses by a rod, and fling them aloft, we see them circulate 
about a point between them, which is their common centre 
of gravity, but if ono of them be greatly more ponderous 
than the other, this common centre will be proportionally 
nearer to that one, and even withm its surface, so that the 
smaller one will circulate, m fact, about the larger, which 
will be comparatively but little disturbed from its place 
(360 ) "Whether the earth move round the sun, the sun 
round the earth, or both round their common centre of grav- 
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itji will make no diflercncc, fo far ns appeannccs are con 
ccmed, providctl the stars be 8ujipo<?cd sufRcicntlj distant 
to undergo no sensible apparent parafinebe dtsplacLtnent by 
the motion 80 attributed to tbc earth Whether they are bo 
or not must still be a matter of inquiry, and from the ab 
seoce of anj tncasurablo amount of such displaccraoot, «o 
can conclude notfnng but this, that the scale of the sidereal 
unnerso is bo great, that the mutual orbit of the earth and 
Run may be rcganled as an imperceptible point in corapan 
Ron with the distance of its nearest membora AdmiUing, 
then, IQ conformity with the laws of dynamics that two 
bodies connected with and rerolnng about each other m 
free space do, in fact rev oho about their common centre of 
gravity, which remains immov able by their mutual action, 
It becomes a matter of farther inquire, wherealouis between 
them this centre is gituatcd Mechanics teach us that its 
place will divide their mutual distance in the inverse ratio 
of their wtighls or iwossm,’ and calculations grounded on 
phenomena, of which an account will be given further on, 
inloTta us that this ratio, in the case oi the Btm and earth, is 
actually that of 851956 to 1— the sun being, in that propor 
tion, more ponderous than the earth From this it will (ol 
low that the common point about which the} both circulate 
18 only 267 miles from the sun’s centre, or about nVjth part 
of Its own diameter 

(861 ) Henceforward, then in conformity with the above 
statements, and with the Coper mean view of our system, wo 
must learn to look upon the sun as the comparatively nto 
tionless centre about which the earth performs an aonutd 
elliptic orbit of the dimensions and exccntncity, and with a 
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Velocity, regulated according to the law above assigned, the 
Bun occupying one of the foci of the ellipse, and from that 
station quietly disseminating on all sides its light and heat; 
vrhilo the earth trav elhng round it, and presenting itself dif- 
ferentJ^ to it at OiSerent tmm cf the year and day, passea 
through the varieties of day and night, summer and winter, 
which wc enjoy, its motion (art S^) being from west'to 
cast 

(8G2 ) In this annual motion of the earth, its axis pro 
serves, at all times, the same direction as if the orbitual 
movement had no existence, and is earned round parallel 
to itself, and pointing always to the same vanishing point in 
the sphere of the fixed stars This it is which gives rise to 
the variety of seasons, as wo shall now explain In so 
doing, we shall neglect (for a reason which will be pres 
ently explained) the ellipticity of the orbit, and suppose it 
a circle, with the sun in the centre and the four quadrants 
of its orbit to be described in equal tunes, the motion lo a 
circle being uniform 



(363 ) Let, then, S represent the sun, and A, B, C, B, 
four positions of the earth m its orbit 90® apart, viz A 
that which it has at the moment when the sun is opposite 
to the intersection of the plane of the echptio B G, with 
that of the equator F B, B that which it has a quarter 
of a year subsequently or 90® of longitude in advance of 
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A; C, 180* and D, 270* in advance o( A, In each of thc>»o 
positions let P Q rcprc'*ent the axis of the earth, about 
which its diurnal rotation is performed without interfering 
with Its annual motion in its orbit Then, smeo the sun 
can only enlighten one half of the surface at once, viz that 
turned toward it, the shaded portions of the globe in its 
Several positions will represent the dark, and the bright, 
the enlightened halves of the cartli’e surface m these posi- 
tions Now, Ist, in the position A, the sun is vertically 
over the intersection of tho equinoctial F E and the ecliplio 
n G. It 18 , therefore, in the vernal equinox, and in this 
position the poles P, Q, both fall on tho extreme confines 
of the enlightened side Jn this position, therefore, it is 
day over half the northern and half tho southern iitmi- 
spherc at once, and as the earth revolves on its axis, 
every point of its surface describes half its diurnal course 
in light, and half in tiarknesa, in other words, the duration 
of day and night is here equal over tho whole globe hence 
the term equinox Tho same bolds good at the autumnal 
eqnioox on the position C 

(36-1 ) B IS the position of tho earth at the time of the 
northern summer solstice (See art 389 ) Here the north 
pole P, and a considerable portion of tho earth’s surface 
ID its neighborhood, as far as B, are situated mthin the 
enlightened half As the earth turns on its axis in this 
position, therefore, the whole of that part remains con- 
stantly enlightened, therefore, at this point of its orbit, or 
at this season of the year, it is continaal day at the north 
pole, and in all that region of the earth which encircles this 
pole as far as B — that is, to the distance of 23° 27' 80' from 
the pole, or withm what is called in geography the arctic 
circle On the other hand, the opposite or south pole Q, 
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-with, all the region comprised witbm the antarctic circle, aa 
far as 23® 27' 30" from the south, pole, are immersed at this 
season in darkness during the entire diurnal rotation, so 
that it IS here continual mgbt 

(365) ‘With regard to that portion of the surface com 
prehended between the arctic and antarctic circles, it is 
no less evident that the nearer any point la to the north 
pole, the larger will be the portion of its dmrnal coarse 
comprised within the bright, and the smaller within the 
dark hemisphere, that is to say, the longer will be its day, 
and the shorter its night Every station north of the equa 
tor will have a day of more and a night of less than twelve 
hours’ duration, and vice versd. All these phenomena are 
exactly inverted when the earth comes to the opposite 
point D of its orbit 

(366 ) Now, the temperature of any part of the earth’s 
sarf-ice depends mainly on its exposure to the sun’s rays 
Whenever the sun is above the horizon of any place, that 
place is receiving heat, when below, parting with it, by the 
process called radiation, and the whole quantities received 
and parted with in the year (secondary causes apart) must 
balance each other at every station, or the equilibrium of 
temperature (that is to say, the constancy which is observed 
to prevail in the annual averages of temperature as indi 
cated by the thermometer) would not be supported When 
ever, then, the sun remains more than twelve hours above 
the horizon of any place, and less beneath, the general tem 
perature of that place will ho above the average, when the 
reverse, below As the earth then, moves from A to B, 
the dajs growing longer, and t!io nights shorter in the 
northern hemisphere, the tempemturo of every part of that 
hemisphere increases, and we pass from spring to summer. 
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vhile, at the same time, the reverse obtains in the southern 
hemisphere As the earth passes from B to 0, the days 
anti mghts again approach to equalit} — the exce'ts of tern 
perature in the northern hemisphere above the mean state 
grows less, as well as its defect in the southern, and at the 
autumnal equinox 0, the mean state is once more attained 
From thence to P, and, finally, round again to A, all the 
same phenomena, H is obvious, must again occur, but re 
versed — it being now winter in the northern and summer 
in the southern hemisphere 

(367 ) All this IS consonant to observed fact The con 
tiQual day within the polar circles in sammer, and night 
in winter, the general increase of temperature and length of 
day as the sun approaches the ele^ated pole, and the re 
versal of the seasons in the northern and sonthern hemi 
spheres, are all facts too well known to require further 
comment The positions A, C of the earth correspond, as 
we have said, to the equinoxes, those at B, D to the sol 
slices This term must be explained If, at any point, X, 
of the orbit, we draw X P the earth’s axis, and X S to 
the sun, it is evident that the angle P X S will be the 
sun’s polar distance Kow this angle is at its maximum 
m the position D, and at its minimum at B being in the 
former case = 90° + 23° 28 = 113° 28 , and in the latter 
90° — 23“ 28 = 66“ 32 At these points the snn ceases 
to approach to or to recede from the pole, and hence the 
name solstice 

(368 a ) Let us next consider how these phenomena are 
modified by the ellipticity of the earth’s orbit and the po 
sitioQ of its longer axis with respect to the line of the eol 
sfices rbis erAprteny' 355i5)' nr a&ouv aae sixtiert oif 
the mean distance, so that the sun, at its greatest proximity 
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js ftboTit ODC thirtieth of its inc-in diataeco nearer ub than 
when most remote Ssrnce light and heat are equally dis 
persed from the sun in all directions, and are spread, in 
duergiDg, over the surface of a sphere enlarging as they 
recede from the centre, they must dimmish m jutensity 
according to the inverse proportion of the surfaces over 
which they arc spread, t c in the ineer^e ratio of the 
squares of the distances Hence the hemisphere opposed 
to the sun will roceire in a gn en time, when hearest two 
thirtieths or one fifteenth more heat and light than when 
most remote as may be shown by an eas^ calculation * 
Now, the suns longitude when at its least distance from 
the earth (at which timo it is said to be in perigee and the 
earth m its perihehon*) is at present 280® 28 m which post 
tion it is on the Ist of January, or eleven days after the 
time of the winter solstice of the norOiern hemisphere or, 
which 13 the same thing the summer solstice of the souOiern 
(art S64) while on the other hand the sun is most remote 
(in apogee or the earth in its aphelion*) when in longitude 
100° 28 or on the 2d of July i e eleven days after the 
epoch of the northern sammer or southern winter solstice 
We shall suppose however, for simplicity of explanation, 
the perigee and apogee to be coincident with the solstice 
At and about the southern summer solstice then, the whole 
earth is receiving per diem the greatest amount of beat that 
it can receive, and of this the southern hemisphere receives 
the larger share because its pole and the whole region 
within the antarctie circle is in perpetual sunshine, while 
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the correspoodiug northero regions lie in shadow. On the 
other hand, at and about the northern summer solstice, 
although It IS true that the rever'^e conditions as to the 
legions lUnminated prevail, yet the whole earth is then re 
ceiving per diem le‘»3 heat owing to the sun’s remoteness* 
so that on the whole t/ the seasons were of eqital duration, 
or* in other words, iT the angular moicment of the earth 
in its elliptic orbit were uniform, the southern hemisphere 
would receive more heat per annum than the northern, and 
would consequently have a warmer mean temperature 
(368 h ) Such, however, is not the case The angular 
velocity of the earth m its orbit, as we have seen (art SoO), 
IS not uniform, but vanes m the inverse ratio of the square 
of the sun’s distance, that is, in the same precise ratio as 
h\3 heating power The momentary supply of heat then 
received by the earth in every point of its orbit vanes 
exactly as the momentary increase of its longitude, from 
which it obviously follows, that equal amounts of heat are 
received from the son m passing over equal angles round 
it, in whatever part of the ellipse those angles may be sit 
uated Supposing the orbit, then, to be divided into two 
segments by any straight line drawn through the sun, since 
equal angles in longitude ( 180 °) are described on either side 
of this line, the amount of heat received will be equal In 
passing then from either equinox to the other, the whole 
earth receives equal amount of heat, the inequality in the 
intensities of solar radiation in the two intervals being pre 
cisely compensated by the opposite inequality in the dura 
tion of the intervals themselves, which amounts to about 
7i days, by which the northern spring and summer are to 
gether longer than the southern Tor these intervals are 
to each other in the proportion of the two unequal seg 
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ments of the ■tyhole ellipse into which the line of the 
equinoxes divides it (See art 853 ) 

(368 c) In hat regards the comfort of a climate and 
the character of ita vegetation, the intensity of a sninnier 
13 more naturally estimated by the temperature of its hot 
test day, and that of a winter by its sharpest frosts, than 
by the mere durations of those seasons and their total 
amount of heat Supposing the excentncity of the earth’s 
orbit were very much greater than it actually is, the posi 
tiou of its perihelion remaining the same, it is evident that 
the characters of the seasons an the two hemispheres would 
be strongly contrasted In the northern, we should have 
a short but very mild winter with a long but very cool 
summer — e an approach to perpetual spring, while the 
eouthern hemisphere would be inconvenienced and might 
be rendered uninhabitable by the fierce extremes caused by 
concentrating half the annual supply of heat into a summer 
of very short duration and spreading the other half over 
a long and dreary winter, sharpened to an intolerable in 
tensity of frost when at its climax by the much greater 
remoteness of the sun 

(369 ) As it IS, the difference, except under peculiar 
circumstances, is not very striking, being masked to a cer- 
tain extent by the action of another very mdueotia] cause 
to be explained in art S70 This does not prevent, how 
ever, the direct impression of the solar heat in the height of 
summer — the glow and ardor of his rays, under a perfectly 
clear sky, at noon, in equal latitudes and under equal 
circumstances of exposore— from being matenalJ^ greiter 
in the Bonthern hemiapbcro than in the nortliern One 
fifteenth is too considerable a fraction of the whole m 
tensity ol sanahme not to aggravate in a senous degree 
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the sufferings o! those (or instance who are exposed to it 
in thirsty deserts, without ‘»helter The accounts of these 
sufferings m the interior of Australia are of the most 
frightful kind, and would seem far to exceed what haie 
ever been undergone by travellers in the northern deserts 
of Africa ' 

• {3G9 a ) It must be observed, moreover, that m estimat 
lug the effect of any additional fraction (ns one fifteenth) of 
solar radiation on temperature, we have to consider as our 
unit, not the number of degrees above a purely arbitrary 
zero point (such as the freezing point of water or the zero 
of Fahrenheit’s scale) at which a thermometer stands in a 
hot summer day, as compared with a cold winter one, but 
the thermometriQ interval between the temperatures it indi 
cates in the two cases, and that which it would indicate did 
the son not exist, which there is good reason to believe' 
would be at least as low as 239° beloio zero of Fahrenheit 
And as a temperature of 100“ Fahrenheit above zero is no 
tmeommon one in a fair shade exposure under a sun nearly 
vertical, we have to take one fifteenth of the sura of these 
intervals (339°) op 23° Fahrenheit as the least variation of 
temperature under such circumstances which can reasonably 
be attributed to the actual variation of the sun s distance 
(369 £ ) In what has been premised we have supposed the 
situation of the axis of the earth a orbit to coincide with 
the line of the solstices, neglecting the difference of about 


' S«« tbo ftccouatol Captain Bturt a ezplorat oa Iq Xthonsanm Ko. 1013 
* The ground wan almoat a molten sortace and if a match acc deotallp felt upon 
It, It Immed aloly ign tod. The author baa obaorred the tamporatupe of the anr 
iace BO t in Booth Africa aa h gb aa IBS* Fahrenbe t. An ordiuary lucifer match 
does not igq te when a tnply preased upon a amootb surface at 212* but in On 
oet of mihdromng tl U teVea fire and the al ghtest loci on upon such a aorface 
of course Ignites it. 

' See MrtsosoLOOT Sneyd Bnt. (new edition) Art 3S. 
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- eleven days’ motion at present existing between them But 
this near coincidence has not always been the state ol 
things, and will not always continue to be so By the 
eSect of precession (art 312), both the line of equinoxes 
and tho'ie of solstices retreat on the ecliptic by an annual 
angular movement of 60' 1, which cause alone would carry 
them round, with respect to the axis of the earth’s ellipse 
through a complete revolution, in 25868 years And in this 
period, supposing the axis to retain a fixed position, the 
perihelion would come to coincide successively in longitude 
with both the solstices and with both the equinoxes But, 
besides this owing to the operation of causes hereafter to 
be explained the axis does not remain so fixed, but shifts 
its position with a much slower angular movement, of 11' 8 
per annum tn the opposite direction to that in which preces 
Sion carnes the line of equinoxes, and by which movement 
alone, if uniformly continued the direction of the axis itself 
would be earned entirely round the whole circumference of 
the ecliptic m an immensely long period (no less than 109830 
years) Thus then we see that the vernal equinox and the 
perihelion recede from each other by the joint annual 
amount of 61' 9 or a degree in 68 16 years, which is, in 
effect, the same as if the penhelion made a complete revo 
lotion with reference to a fixed equinox in 2098i years In 
consequence of this joint variation then the plaee of the 
perihelion most ha\e coincided with the vernal equinox 
(or have been situated in longitude 0®) about 4000 jears 
before the Christian era and m longitude 90'’ about A D 
1260 and will bo situated in longitudes 180® and 270® 
respectively about tlie jeara AD 6500 and 11700 At 
the latter of these epochs, the case we have considered m 
the foregoing articles (868 a et se<i ) will bo reversed, and the 
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estremc summer and winter of tbe soatbern hemisphere will 
be transterrod to tbc northern 

(360 c ) In the immen'se periods which geologists con 
template in the past history of the earth, this alternation 
of climates must have happened, not once only, but thou 
oands of times, and it is not impossible that some of the 
indications which they have discotercd of the prevalence at 
some former epoch or epochs of widely different climates from 
the present in the northern hemisphere, may bo referable 
in part at least to this cause, though we are very far from 
supposing it competent (even taken in conjunction with 
other variations to he explained further on, which will 
Bomctimes go to exaggerate and sometimes to palliate its 
influence) to account for the whole of the changes which 
appear to have taken place * 

(370 ) A conclusion of a very remarkable Lind recently 
drawn by Professor Dove from the comparison of ther 
mometnc observations at different seasons m very remote 
regions of tbe globe, may appear on first sight at variance 
with much that is above stated That eminent meteorolo 
gist has shown, by taking at all seasons the mean of the 
temperatures of points diametrically opposite to each other, 
that the mean temperature of the whole earth s surface in 
June considerably exceeds that in December This result, 


* II Rejeand (Extra t da Fhllasophia rol ^euaa. Pans Imprunena Du 
vergne) attr butea more ufluenca to this cause In h stor cal times than wa 
ehoald ba disposed to I when lor toatance ha would explain by U tha 

almoet total d asppoaranoe ol tha data palm from Judaea a nee the t me of PI ny 
at wh ch U appears to hare flourished in perloctioo At that epoch however 
the perihel on occup ed a s tuatlon only 30* from the December aolahce which 
Impltea a d Cerenee between the eun b per hel at and eoUt rial d atancee not ex 
ce^ 3g a thousandth part of its mean d stance co respond ng to a d fference of 
a five hundredtl part in the solar red at on. The effect of this reckoned on the 
prinetplea eiphuned In tl e text wo tld not exceed two thirds of a degree Fahr 
In the in d» tamer temperature o{ Jud^a at noon See atso ha D acouw snt 
la ConsUtut on pbys qua de la Terro {Eneycloj ed « Aouvelk) 
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which 13 at variance with the greater provimity of the sun 
in December, is, however, due to a totally different and 
very powerful cause — the greater amount of land m that 
hemisphere which has its summer solstice m June (i c the 
northern, see art 362), and the fact 13 so explained by him 
The effect of land under sunshine is to throw heat into the 
general atmosphere, and so distribute it by the carrying 
power of the latter over the whole earth Water is much 
less effective in this respect, the heat penetrating its depths 
and being there absorbed, so that the surface never acquires 
a very elevated temperature even under the equator 

(371 ) The great hey to simplicity of conception in as 
tronomy, and indeed, in all sciences where motion is con 
cerned, consists in contemplating eveiy movement as re 
ferred to points which are either permanently fixed, or so 
nearly so as that their motions shall be too small to inter 
fere materially with and confuse our notions In the choice 
of these primary points of reference, too, we most endeavor, 
as far as possible, to select such as have simple and sym 
metncal geometrical relations of situation with respect to 
the curves desenbed by the moving parts of the system, 
and which are thereby fitted to perform the office of natural 
centres — advantageous stations for the eyo of reason and 
theory Having learned to attribute an orbital motion to 
the earth, it loses this advantage which is transferred to the 
sun, as the fixed centre about which its orbit is performed 
Precisely as when embarrassed by the earth s diurnal mo 
tioD, we have learned to transfer, in imagination, our station 
of observation from its surface to its centre, by the applies 
tion of the diurnal parallax, so, when wo come to inquire 
into the movements of the planets we shall find ourselves 
continually embarrassed by the orbital motion of our point 
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of view, onle<»g, by the consideration of the onnuaf or 
centnc parallax^ we consent to refer all our observations on 
them to the centre of the sun, or rather to the common 
centre of gravity of the sun, and the other bodies whicb 
are connected with it m our system 

(372 ) Hence anses the distinction between the geocentric 
and heXiocenine place of on object The former refers its 
situation in space to an imaginaiy sphere of indmte mdius, 
bnving the centre of the earth for its centre — the latter to 
one concentric with the sun Thus when we speak of the 
lehocentnc longitudes and latitudes of objects, we suppose 
the spectator situated in the sun and referring them by 
circles perpendicular to the plane of the ecliptic to the 
great circle marked ont in the heavens by the infinite pro 
longation of that plane 

(373 ) The point in the imaginary concave of an infinite 
heaven to which a spectator in the sun refers the earth, 
must of course be diametrically opposite to that to which 
a spectator on the earth refers the sun’s centre, consequently 
the heliocentric latitude of the earth is always nothing and 
tla hebocentnc longilude dltoays equal to the sun s geocentric 
longitude 4* 180° The heliocentnc equinoxes and solstices 
are therefore the same as the geocentric reversely named, 
and to conceive them we have only to imagine a plane 
passing through the sun s centre parallel to the earth s 
equator and prolonged infinitely on all sides The line of 
intersection of this plane and the plane of the ecliptic is the 
line of equinoxes and the solstices are 90° distant from it 
(374 ) "W ere the earth s orbit a circle described with a 
uniform velocity about the sun placed in its centre nothing 
could ’oe easier “^inni “tto xnJjuti’nAe -ds qjuHrtimj lii any 'tune 
witl respect to the line of equinoxes or its longitude for 
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vre should only have to reduce to numbers the proportion 
following, VIZ One year the time elapsed 860® thearo 
of longitude passed over The longitude so calculated is 
called in astronomy the mean longitude of the earth But 
since the earth s orbit is neither circular, nor uniformly 
described, this rule will not give us the true place in the 
orbit at any proposed moment ^Nevertheless, as the excfen 
tncity and deviation from a circle are small, the irve place 
will never deviate very far from that so determined (which, 
for distinction's sake, is called the mean place), and the 
former may at all tunes be calculated from the latter, by 
applying to it a correction or eguaiion (as it is termed), 
whose amount is never very great, and whose computation 
IS a question of pure geometry, depending on the equable 
dcscnptiOQ of areas by the earth about the sun For since, 
in elliptic motion according to Kepler’s law above stated, 
areas not angles are described uniformly, the proportion 
must now be stated thus, — One year the time elapsed 
the whole area of the ellipse the area of the sector swept 
over by the radius vector m that time This area there 
fore, becomes known, and it is then, as above observed, a 
problem of pure geometry to ascertain the an^le about the 
SOD (X S K, art 362) which corresponds to any pro 
posed fractional area of the whole ellipse supposed to bo 
contained in the sector X Z S Suppose we set out from 
X, the perihelion, then will the angle X S 2 at first increase 
more rapidly than the mean lonytludc, and will, therefore, 
during the whole semi revolution from A to M, exceed it 
in amount, or, m other words, the true place will be in 
advance of the mean at JI, one half the year will have 
elapsed, and one half the orbit have been described, whether 
it bo circular or elliptic Here, then, the mean and true 
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places coincide, balm all the otber baU of the otbrt, from 
II to A, the trne place will fall short of the mean, since at 
M the angular motion is slowest, and the true place from 
this point begins to lag behind the mean — to make up with 
It, however, as it approaches A, where it once more over 
takes it 

^376 ) The quantity by which the true longitude of the 
earth diHers from the mean longitude is called the equation 
of the centre, and is addiUve during all the half year lu 
which the earth passes from A to if, beginning at 0° 0 0*, 
increasing to a maximum, and again diminishing to zero at 
if, after which it becomes subtracts e, attains a maximum 
of subtractive magnitude between if and A, and again 
diminishes to 0 at A Its maximum, both additive and 
subtractive, is 1° 65 33' 8 

(376 ) By applying, then, to the earth’s mean longitude 
the equation of the centre corresponding to any given time 
at which we would ascertain its place, the true longitude 
becomes known, and since the sun is always seen from the 
earth jn 180“ more longitude than the earth from the sun, 
in this way also the sun s true place in the ecliptic becomes 
known The calculation of the equation of the centre is 
performed by a table constructed for that purpose, to be 
found m all “Solar Tables ’* 

(377 ) The maximum value of the equation of the centre 
depends only on the elhpticity of the orbit, and may he ex 
pressed in terms of the exeentncity Vtce lersd, therefore, 
if the loTtneT quantity can be ascertained by observation the 
latter may be derived from it, becanse, whenever the law, 
or numerical connection between two quantities is known, 
■iiAs vub xvf* 'WjyajM.uA'k biry??. ih/i. oJhsji , 'ay 

assiduous observation of the sun s transits over the mend 
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lan, we can ascertain, for every day, its exact right ascen 
Bion, and thence conclude its longitude (art 809) After 
this, it 13 easy to assign tbe angle by which this ohseried 
longitude exceeds or falls short of the mean, and the great 
est amount of this excess or defect which occurs in the 
whole year is tbe maximum eqnation of the centre This 
as a means of ascertaining the excentncity of the orbit, w a 
far more easy and accurate method than that of concluding 
the sun's distance by measuring its apparent diameter The 
results of the two methods coincide, however, perfectly 

(378 ) If the ecliptic coincided with the equinoctial, the 
effect of the equation of the centre, by disturbing the uni 
formity of the sun s apparent motion in longitude, would 
cause an inequality in its time of coming on the meridian 
on successive days When the sun’s centre comes to the 
meridian it is apparent noon, and if its motion in longitude 
were uniform, and the ecliptic coincident with the eqoinoc 
tial, this would always coincide with tbe mean noon, or the 
stroke of 12 on a well regulated solar clock- But, inde 
pendent of the want of uniformity in its motion, the ob 
liquity of the ecliptic gives rise to another inequality in this 
respect, in consequence of which, the sun, even suppo‘»ing 
its motion m the ecliptic uniform would yet alternately, m 
its time of attaining the meridian, anticipate and fall short 
of the mean noon as shown by the clooh Bor the right as 
cension of a celestial object forming a side of a right angled 
spherical triangle of which its longitude is the bypothenase, 
it IS clear that the uniform increase of tbe latter must neces 
Bitate a deviation from uniformity in the increase of the 
former 

(379 ) These two caaaes, then, acting conjointly, pro 
dace, in fact a very considerable fluctuation in the time as 
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showo per clock, when tbe buq really attains the meridian 
It amounts, in fact, to upward of half an hour, Apparent 
noon sometimes taking place as much as 16i min before 
mean noon, and at others as much as 14i rnin after This 
difference between apparent and mean noon is called the 
equation of fime, and is calculated and inserted in ephemer 
ides* for every day of the year, under that title or else, 
which comes to the same thing, the moment, in mean (me, 
of the sun’s culmination for each day, is set down as an 
astronomical phenomenon to bo observed 

(380) As the sun, m its apparent annual course, is car 
Tied along the ecliptic, its decimation is continually varying 
between the extreme limits of 23“ 27 30 north, and as much 
south, which it attains at the solstices It is consequently 
always vertical over some part or other of that zone or belt 
of the earth's surface which lies between the north and 
south parallels of 23“ 27 30 These parallels are called in 
geography the tropica, the northern one that of Cancer, and 
the southern, of Capricorn, because the sun, at the respec 
tive solstices is situated lu the divisions, or signs of the 
ecliptic 80 denominated Of these signs there are twelve, 
each occupying 30“ of its circumference They commence 
at the vernal equinox, and are named m order — Aries, 
Taurus, Gemini Cancer, Leo, Virgo, Libra, Scorpio, Sagit 
tanua, Capricorn us, Aquarius, Pisces '* They are denoted 
also by the following symbols — 7* 

^ CJJ X Iiongitude itself is also divided into signs, de 
grees, and minutes, etc Thus G* 27° 0 corresponds to 
177“ 0 


>• Thej may be remembered by the following memorial besametera — 
Saot A.r «a Taurus Gem nl Cancer Leo Virgo 
L braque Scorpiue Arcltenens Caper Amphora, Places 
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(881 ) These Signs arc purely tcohnicft! subdtvisioos of 
tho ecliptic, commencing from the actual equinox, and are 
not to ho confounded with tho constelUitions bO called (and 
sometimes so symbolized) Tlic constellations of tho zodiac, 
as they now stand arranged on tho ecliptic, are all a fall 
“sign ' in ad\anco or anticipation of their symbolic cogno 
mens thereon marked Thus tho constellation Aries nCtu 
ally occupies the sign Taurus y, the constellation Taurus, 
the sign Gemini n, and so on, the signs having retreated '* 
among tho stars (together with tho equinox their origin), by 
the effect of precession The bright star Spies in the con 
stelhtion Virgo (a Virginia), by tho observations of Hippar 
chus, 12S years B C , preceded, or was westward of tho 
antumnal equinox m longitude by 6* In 1760 it followed 
or stood eastward of the same equinox by 20" 21 Its place 
then, as referred to the ecliptic at tho former epoch, would 
bo in longitude 6" 24® 0 , or in the 24th degree of the sign 
whereas m the latter epoch it stood in the 21st degree ol irif, 
the equinox having retreated by 2&° 21' in the interval, 1878 
years, elapsed To avoid this source of misunderstanding, 
the use of ‘ signs” and their symbols in the reckoning of 
celestial longitudes is now almost entirely abandoned and 
tho ordinary reckoning (by degrees, etc , from 0 to 360) 
adopted m its place, and the names Aries, Viigo, etc , are 
becoming restricted to the constellations so called " 

(382 ) When the sun is in either tropic it enlightens as 
we have seen the pole on that side the equator, and shines 

Hetreafed s here osed with refetenco to longUude not to the apparent 
d urnal motion 

'* When however the place of the sun ja spolten of the old usage prevails. 
Tlina tt wa a«.y thft, wx w to. Ajtma U would ha interprattid to mean between 
0* and 30* of long tude So also the flrst po nl of Ar cs s still i nderstood 
to mean the vernal and the flrst po nt of L bra (ha aucumnal eqafaox and 
80 m a few other cases 
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over or beyond it to the extent of 23** 27' 80*. The parallels 
of latitude^ at this distance from either pole, are called the 
polar ctrc?M, and are distingnished from each other by the 
names arctic and antarctic The regions yrithm these circles 
are sometimes termed /rtf/id zones, while the belt between 
the tropics is called the iomd zone, and the intermediate 
belfe temperate zones These last, however, are merely 
names given for the sake of naming, as, in fact, owing to 
the didcreat distribution of land and sea m the two hcmi 
spheres, zones of climate are not co terminal with zones of 
latitude 

(383 ) Onr seasons are determined by the apparent pas 
sages of the snn across the equinoctial, and its alternate 
arrival m the northern and southern hemisphere Were 
the equinox invariable, this would happen at intervals pre 
cisely equal to the duration of the sidereal year, but, in 
fact, owing to the slow conical motion of the earth’s axis 
described in art 317, the equinox retreats on the ecliptic, 
and meets the advancing sun somewhat before the whole 
sidereal circuit is completed The annual retreat of the 
equinox is 60’ 1, and this arc is described by the sun m 
the ecliptic in 20* 19* 9 By so much shorter, then, is the 
periodical return of oar seasons than the true sidereal revo 
IntiOQ of the earth round the sun As the latter period, or 
sidereal year, is equal to 365* 6' 9“ 9* 6, it follows, then, that 
the former must be only 365* 6^ 48” 49’ 7 and this is what 
18 meant by the tropical year 

(884) We have already mentioned that the longer axis 
of the ellipse described by the earth has a slow motion of 
11* 8 per annum in advance Prom this it results, that 
when the earth, setting out from the perihelion, has com 
pleted one sidereal period, the perihelion will have moved 
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(S3l.) These JSU;ns nro purely tooUnical sabflmsioDS of 
the cchptic, commencing from the actual equinox, and are 
not to bo confounded with the eonsleltations bo called (and 
sometimes so symbolized) The constellations of the zodiac, 
as they now stand arranged on the ecliptic, are all a full 
“sign” in advance or anticipation of their symbolic cogno- 
mens thereon marked Thus the constellation Aries actu- 
ally occupies the sign Taurus y, the constellation Taorua, 
the sign Gemini n, and so on, the si^ns having retreated “ 
among the stars (together with the equinox their origin), by 
the effect of precession The bnght star Spica in the con 
stellation Virgo (« Virginis), by the observations of Hippar- 
chus, 128 years B C , preceded, or was westward of the 
antumual equinox in longitude by 6® In 1750 it followed 
or stood eastward of the same equinox by 20® 21'. Its place 
then, as referred to the ecliptic at the lormer epoch, would 
bo in longitude 6‘ 24“ 0 , or in the 24th degree of the atffn St, 
whereas in the latter epoch it stood in the 21st degree of rrjf, 
the equinox having retreated by 26“ 21' in the interval, 1878 
years, elapsed. To avoid this source of misunderstanding, 
the use of "signs ’ and their symbols in the reckoning of 
celestial longitudes is now almost entirely abandoned, and 
the ordinary reckoning (by degrees, etc , from 0 to 360) 
adopted m its place, and the names Anes, Virgo, etc , are 
becoming restricted to the constellations so called ’* 

(382 ) When the sun is in either tropic, it enlightens, as 
we have seen, the pole on that side the equator, and shines 

'• Kelreatei is here used with reference to towjtfude not to the spp&reDt 
dmrDBl notioa 

” When however iho place of the sun ,3 spoken of the old usage prevails. 
Thus if we the sun la in Anes ’ it would be interpreted to mean between 
0* a d 30* of longitude So also “the first point of Aries' is atill understood 
to mean iha vernal and ‘ the first point of Libra ’* the autumnal equinox and 
80 in a few other casea 
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over or beyood it to the extent of 23’ 27 SO* The pwalleU 
of latitude, at this difitanco from either pole, aro called the 
iwfar circles, and are distingoisbed from each other by iho 
names arciie and antarctic The regions Trithm these circles 
are eometimes termed fngxd zonts, tjUiIc the belt between 
the tropics is called the tomd tone, and the intermedtato 
belfe temperots semes These last, however, ore merely 
names given, for the saLo of naming, as, in fact, owing to 
the diHerent distribution oi land and sea in the two hcmi 
spht^res, zones of climote are not co terminal with zones of 
falilude 

(883 ) Our seasons are determined by the apparent pas 
sages of the sun across the eqnmoctial, and its aUemato 
arrival in the northern and soathem hemisphere Were 
the equinox invariable this would happen at intervals pre 
ciaely equal to the duration of the sidereal year, but in 
fact owing to the slow conical motion of the earth’s axis 
described in art S17, the equinox retreats on the ecliptic 
and. meete the advancing sun somewhat hejore the whole 
sidereal circuit is completed The annual retreat of the 
equinox is 60* I, and this are is described by the 8un in 
tbe ecliptic m 20* 19* 9 By so much shorUr, then, is the 
penodical return of our seasons than the true sidereal revo 
lution of tbe earth round the sun As tbe latter period, or 
sidereal year, is equal to 865^ 6^ 9- 9* 6, it follows, then, that 
the former must be only 6^ 48" 49^ 7 and this is what 
13 meant by the tropical year 

(381 > We have already mentioned that the longer axis 
of the ellipse described by tbe earth has a slow motini of 
11-8 per aunum m alvance From this it results that 
^hen the earth, seUing out from the perihelion, has com 
pleted one sidereal period, the perihelion will have moved 
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lomanl by 11' 8, which arc must bo dcscubed by the earth 
before it can ogam reach tho porihelion In ao doing, it 
occupicfl 1" 81>* 7, and this most therefore bo added to tho 
eidereol period, to give tho interval between two consecn 
tivo returns to the penholion This internal, then, is 
865' 6** 18* 19 8," and is what is called tho anomahsUc 
year All Ihc^e periods have their uses in astronomyf bot 
that m which inankintl in general are roost intoreated is(Ae 
tropical year, on which tho return of tho seasons depends, 
and which wo thus perceive to bo n compound phenomenon, 
depending chiefl_j and directly on tho annual revolution of 
the earth round the sun, but subordinately also, and indi 
rcctljf, on Its rotation round its own axis, which is what oo 
casions the precession of the equinoxes, thus offording an 
instructive example of the way m which a motion, once ad 
jnittcd m any part of our system, may be traced in its mflu 
enco on others with which at first sight it could not possibly 
be supposed to have anything to do 

(886 ) As a rough consideration of the appearance of the 
earth points out the general roandness of its form, and more 
exact inquiry has led us first to the discovery of its elliptic 
figure, and, in the farther progress of refinement to the per 
coption of minuter local deviations from that figure, so, in 
lavestigating the solar motions, tho first notion we obtain is 
that of an orbit, generally speaking, round, and not far from 
a circle, which, on more careful and exact examination, 
proves to be an ellipse of small ercentncity, and desenbed 
in conformity with certain laws, as above stated Still 
minuter inquiry, however detects yet smaller deviations 

“ T 1 680 numters m well 63 moat of i! c other nomerioal dAla of oor ejstem. 

Ore taken from Uf Ba ly 9 Astronom cal Tables and Formula 
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again from this form and from these laws, of which wo havo 
a specimen in the slow motion of the axis of the orbit 
spoken of in art, 372; and which are generally compre- 
hended under the name of perturbations and secular in- 
equalities. Of these deviations, and their causes, we shall 
speak hereafter at length. It is the triumph of physical 
astronomy to have rendered a complete account of them all, 
and to have left nothing unexplained, cither in the motions 
of the sun or in those of any other of the bodies of our sys- 
tem. But the nature of this explanation cannot be under- 
stood till we have developed the law of gravitation, and ear- 
ned it into its more direct consequences. This will be the 
object of our three following chapters; in which we shall 
take advantage of the proximity of the moon, and its imme- 
diate connection with and dependence on the earth, to ren- 
der it, as it were, a stepping-stone to the general explanation 
of the planetary movements, "We shall conclude this by 
describing what is known of the physical constitution of the 
sun. 

(386.) "When viewed through powerful telescopes, pro- 
vided with colored glasses, to take off the heat, which would 
otherwise injure our eyes, the sun is observed to hare fre- 
quently large and perfectly black spots upon it, surrounded 
with a kind of border, less completely dark, called a penum- 
bra. Some of these are represented at a, c, <f, m Plate I. 
fig. 2, at the end of this volume. They are, however, not 
permanent. 'When watched from day to day, or even from 
hour to hour, they appear to enlarge or contract, to change 
their forms, and at length to disappear altogether, or to 
break out anew in parts of the surface where none were be- 
fore. In such cases of disappearance, the central dark spot 
always contracts into a point, and vanishes before the bor- 
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der Occasion all j llio^ break up, or divide into two or 

wore, and in those cases oUer every ovidenco of that eX 
Ircmo mobility which belongs on!} to tht fluid state, and of 
that ejreeMiveJy violent n^\ntwn irhieh seems on)) comp^li 
bk with the atmospheric or gaseous state ol matter The 
scale on which their movements take place is immenan A 
single second of angular measure, ns seen from th(i eeft-th, 
corresponds on the sun s disk to 461 miles, and a circle of 
this diameter (containing therefore ncarl} 167000 square 
mites) 13 tho least space which can be distinctly discerned 
on the sun as a unblc area Spots have been observed, 
however whose linear diameter has been upward of 45000 
miles '• and even if Bome records arc to bo trusted, of very 
much greater extent ‘ That snob a epot should close up in 
BIX weeks time (for they seldom last much longer) its bor 
dere must approach at the rate of more than 1000 miles a 
day 

(387 ) Many other circumstances tend to corroborate this 
view of tho subject The part of the sun s disk not occu 
pied by spots is far from uniformly bright Its ground la 
finely mottled with an appearance of minute, dark dots, 
or pores which, when attentively watched are found to 


* Majer Oba Mar 16 1168 Ingeos macula (n aole couap c etntur 
enjaa diameter am aol a 

UaU the aub a d sk a ea d In certain ancient annals to hare been obscured 
1^ spots. This is iz]0]uitrous~hut on at least tivooccas ons be/ore the InreutiOli 
of telescopes apots have ^n seen with the Bated eye. M OauUer (Blbl tfniT 
de Genera July and dug 1853} menc one aa one of the largest spots on record 
that observed by B r "W Herschel in 1179 which he there states to Lave heen 
•410" in d ameter or 16 1 times that of the earth I have not been able to verify 
the citation The great spot of 1779 mentioned bySrW H (Phil Tr 1795) 
aa having been seen with the naked eye cons ated he eays of two parts the 
largest of which measured 18 06 in djameler which is equal in length to 
more Vinaa SVbOb m ies Both together he adds *10081 certainty have 
extended above 50000 This corresponds to 213 which is noi » lovrih part 
of M Qanner a quanuty moreover 470* on the sun s d sk corresponds not to 
15 7 but to 27 3 duimetere of the earth —(Acte added tn 2858 ) 
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tcnstvo groups of tliern, Jnrgo Hpacea of tlie gur/aco aro often 
ob'^crvccl to bo coverttl vritli gtrongl} marked cQt\e(I or 
branching streaks, more luminous than the rest, called 
/aculiv, and among these, if not already existing, spots 
frequently break out They may, perhaps, bo regarded 
with most probability as tho ndges of immense waves jn 
tho luminous regions of tho sun's atmosphere, indicative 
of Molcnt agitation in their neighborhood They are most 
commonly, and best seen, toward the borders of the visible 
disk, and their appearance is aa represented m Plate I fig 1 
(SS9 ) But what are tho Bpots? Jfany fanciful notions 
have been broached on this subject, but only one seems to 
ha\o any degree of physical probability, \i 2 that they aro 
the dark, or at least comparati\ ely dark, solid body of the 
sun itself, laid bare to our new by those immense fluctua 
tions IQ the luminous regions of its atmosphere, Po which it 
appears to bo subject Respecting the manner in which 
this disclosure takes place, different ideas again have been 
advocated Balande (art 3240) suggests that eminences m 
the nature of mountains are actually laid bare, and project 
above the luminous ocean, appearing black above it, while 
their shoaling declivities produce the penumbras, where the 
lumtnoas fluid is leas deep A fatal objection to this theory 
13 the uniform shade of the penumbra and its sharp termina 
tion, both inward, where it joins the spot and outward, 
where it borders on the bright surface A more probable 
view has been taken by Sir William Herschel, ^ who con 
eiders the luminous strata of the atmosphere to he sustained 
far above the level of the solid body by a transparent elastic 
meditfin, oarryicg oz? Jts opper ^ariaoe (fir to Avoid 


PtCLTreM 1801 



OUTLINES OF \STRO\Om 


S15 


the former objection at some considerihhj loner letd uilfnn 
its depth) 1 cloudy gtr-itum which being strongly illumi 
nntecl from nbo\e, reflects a con 
sidenble portion of the light to 
our eyes, and forms a penumbra, 
while the solid body shaded by 
the clouds reflects none (See Jig ) 

The temporary removal of both 
the strata, but more of the upper 
than the lower, he supposes ef 
fected by powerful upward cur 
rents of the atmosphere, arising, perhaps, from spiracles 
in the body or from local agitations 

(389 fl ) Such was the state of our knowledge of the ap 
pearance and constitution of the solar spots at the time when 
this work first issued from the press But m 1851 a further 
step toward penetrating the mystery of their nature was 
made by that excellent and indefatigable observer Mr 
Dawes, who availing himself of the ingenious contrivance 
described m art 204 e has been enabled to scrutinize the 
interior of the penumbrie of the spots under high magnify 
mg powers, in perfect security and with all the advantage 
which the absence of extraneous glare confers on the exami 
nation of feebly illuminated objects So viewed he has 
found the blacker portions occupying the middle of the 
penumbra, and which to former observers appeared so dark 
and BO uniform as to lead them to believe it to be the sun s 
actual surface seen through an aperture in an extenor en 
velope — to be itself, only an additional and inferior stratum 
of very feebly luminous (or illuminated) matter, which he 
has called “the clondy stratum,’ which again in its turn is 
frequently seen to be pierced with a smaller and usually 
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much more rounded aperture, which would seem at length 
to nHord a mow of the real solar surface of most intense 
blackness Figs 4, 0, Plate I , represent spots bo seen on 
23d December, 1851, and 17th January, 1852 In tracing 
the changes in the spots, from day to day, Mr Dawes has 
also been led to conclude, that, in many instances, they 
have a movement of rotation about their own centres 'This 
was particularly remarkable in the spot of 17th January, 
which between that date and 23d January had revolved in 
Its own plane through an angle of more than 90®, the 
“cloudy stratum,” which its central aperture, presenting 
Itself under the aspect represented at b fig 6, instead of 
that at a, which it originally had, its general form remain 
ing all the while unchanged 

(390 ) When the spots are attentively watched, tbcir 
situation on the disk of the sun is observed to change 
They advance regularly toward its western limb or border, 
where they disappear, and are replaced by others which 
enter at the eastern hmb, and which, pursuing their respec 
ttve courseSf la their tara disappear at the western The 
apparent rapidity of this movement is not uniform, as it 
would be were the spots dark bodies passing, by an inde 
pendent motion of their own, between the earth and the 
Bun, but IS BWifteat in the middle of their paths a'TOss 
the disk, and very slow at its borders This is precisely 
what would be the case supposing them to appertain to and 
make part of the visible surface of the sun a globe and to 
be earned round by a uniform rotation of that globe on its 
axis, BO that each spot should describe a circle parallel to 
the sun 3 equator, rendered elliptic by the eSect of perspec 
tire Tbeir apparent paths also across the disk conform to 
this view of their nature, being, generally speaking, ellipses, 
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much elongated, concentric with the sun's disk, each baMng 
one of Its chords for its longer axis, and all the&e axes 
parallel to each other At two periods of the year only do 
the spots appear to describe straight lines, i iz on and near 
to the 4th of June and 5th of December, on which dajs, 
therefore, the plane of the circle, which a spot situated on 
the sun’s equator describes (and consequently, the plane 
of that equator itself), passes through the earth Hence it 
13 obvious, that the plane of the sun’s equator is inclined to 
that of the ecliptic, and intersects it in a line which passes 
through the place of the earth on these days The situation 
of this line, or ihe line of the nodes of the stm j equator as it 
IS called, is therefore, defined by the longitudes of the 
earth as seen from the sun at those epochs, which, accord 
ing to Mr Carrington, are respectively 73° 40 and 253“ 
40 (=73“ 40 +180“) for 1850, being of course diametrically 
opposite in direction 

(391 ) The inclination of the sun s axis (that of the plane 
of its equator) to the ecliptic is determined bj ascertaining 
the proportion of the longer and the shorter diameter of the 
apparent ellipse described by any remarkable well defined 
spot, in order to do which, its apparent place on the son s 
disk must be very precisely aseettamed by mioroTOCtnc 
measures, repeated from day to day as long as it continnes 
visible (nsually about 12 or 13 clays, according to the mag 
nitude of the spots, which always vanish by the effect of 
foreshortening before they attain the actual border of the 
disk — ^but the larger spots being traceable closer to the limb 
than the smaller’') The reduction of such observations, or 


** XhA spot of December, ITIS, is stated to bavo been seen as a nocdi 
Ixx tba limb ^ tbe aoo. 
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tho conclusion from them of tbo element in question, is 
complicated with tho effect of the earth’s motion in the 
interval of the observations, and with ita situation in the 
ecliptic, with respect to the Imo of nodes For simplicity, 
we will suppose tho earth situated as it is on tho 4th of 
March, in a line ht right angles to that of the nodes, x e 
in the heliocentric longitude IGS** 40 , and to remain there 
stationary during the whole passage of a spot across ^the 
disk In this case tbo axis of rotation of tho son will be 
situated m a plane passing through the earth and at right 



angles to the plane of the ecliptic Suppose 0 to represent 
the sun’s centre, P C p its axis, E C the line of sight, P N" Q 
A p S a section of the sun passing through the earth, and 
Q a spot situated on its equator, and lo that plane, and con 
sequently in the middle of its apparent path across the disk. 
If the axis of rotation were perpend malar to the ecliptic, as 
N S, this spot would be at A, and would be seen projected 
on G, the centre of the sun It is actually at Q, projected 
upon D, at an apparent distance 0 D to the north of the 
centre, which is the apparent smaller sexni axis of the ellipse 
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described by the spot, which being known by raicrometric 
C D 

measttrement the value of or the cosine of Q C N, the 

inclination of the sun s equator becomes known, 0 K being 
the apparent semi diameter of the sun at that time At this 
epoch, moreover, the northern half of the circle described 
by the spot is visible (the southern passing behind the body 
the sun) and the south pole p of the sun ts within the 
Yistble hemisphere This is the case in the whole interval 
from December 6th to June 4th dunng which the visual 
ray falls upon the southern side of the sun s equator The 
contrary happens m the other half year, from June 4th to 
December 5th and this is what is understood when we say 
that the ascending node (denoted fl) of the sun s equator 
lies in 73® 40 longitude — a spot on the equator passing that 
node being then.in the act of ascen ling from the southern 
to the northern side of the plane of the ecliptic — such being 
the conventional language of astrouomers m speaking of 
these matters 

(392 ) li the observations are made at other seasons 
(which, howeier, are the less favorable for this purpose 
the more remote they are from the epochs here assigned), 
when, moreover as m stnetness is necessary the motion 
of the earth in the interval of the measures is allowed for 
(as for a change of the point of sight) the calculations req 
uisite to dednee the situation of the axis in space and the 
duration of the revolution around it become ranch more 
intricate and it would be beyond the scope of this work 
to enter into them * A.ccording to ilr Carrington sd^^ 


« 8eo the theorj In LaUnde s JUtronomr art. 3258 ud tt» «— . 
computadoa m » paper by Petersen Schumacher a ^achnchte!^ “ 
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ininatton Uio jnclinalioa of » equator to tlie cchptic 

18 about 7®. 15 (its nodes btinj ns abo\o staled), and tbe 
period of rotation 25 dn>8 D hours 7 minutes, the torre 
spending sjnodie period being 27 fhj.s d hours SB minutes ** 

(d9J ) The region of the spots is confined, gcneralljr 
spcaUing, v ithin nbout 25° on cither side of the bud s 
equator, bejond S0° they aro very rarel} aeon, in the 
jiolar regions never The actual equator of the sun is 
also less frequently Msitcd by spots than the adjacent 
zones on either Bide, and a very material difTerence in 
tUcir frequency and magnitude subsists in its northern and 
southern hemisphere, those on the northern preponderating 
in both respecth The /one comprised betnecn the 11th 
and lOth degree to tlic northward of the equator is partic 
ularl^ fertile in large and durable apots These circum 
stances, as well as the frequent occurrence of i more or 
less regular arrangement of the spots, when numerous, in 
the manner of belts parallel to the equator point evidently 
to physical peculiarities m certain parts of the sun's body 
more favorable than in others to the production of the 
spots, on the one hand, and on the other, to a general 
influence of its rotation on its axis as a determining cause 
of their distribution and arrangement and vrould appear 
indicative of a system of movements in the fluids which 
constitute its luminous surface bearing no remote analogy 
to our trade winds — from whatever cause ansiag (See art- 
239 ei seq ) 

(394 ) The duration of individual spots is commonly not 


** Theso per ods aro ILpse »t a spot w iebograpliic latituda 16* N or 8 of 
file 8110 a equator Owing to solar atmospier c e£nft tie penoii* 
deduced from ohserraaous of spots Id high or low heliograpli c Ut tudea oiser 
cona deraWy [See Not© G g 387 c e ] 
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great, some aro formed and disappear within the limit of 
a single transit across the disk — but such are for the moat 
part small and insignificant Frequently they make one or 
two revolutions, “being recognized at their reappearance by 
their situation with respect to the equator, their configura 
tions inter se, their size, or other peculiarities, as well as 
by the interval elapsing between their disappearance at one 
limb and reappearance on the other In a few rare cases, 
however, they have been watched round many revolutions 
The great spot of 1779 appeared during six months, ana 
one and the same groupe was observed xn 1840 by Schwabo 
to retnm eight times ’* It has been surmised, with consid 
erable apparent probability, that some spots, at least, are 
generated again and again, at distant intervals of time, over 
the same identical points of the sun's body (as hurricanes, 
for example, are known to affect given localities on the 
earth’s surface, and to pursue definite tracks) The uncer 
tainty which still prevails with respect to the exact duration 
of its rotation renders it very diificnlt to obtain convincing 
evidence of this, nor, indeed, can it be expected, until by 
bringing together into one connected view the recorded 
state of the sun’s surface during a very long period of 
time, and comparing together remarkable spots which have 
appeared on the same parallel, some precise periodic time 
shall be found which shall exactly conciliate numerous and 
well characterized appearances The inquiry is one of sin 
galar interest, as there can be no reasonable donbt that the 
supply of light and heat afforded to our globe stands m 
intimate connection with those processes which are taking 


*> Schnto, Nach. Ho 418 p 150 Tho recent papers of Bela Oipocct 
BdiTvabe, PaatorS aa<t Schmidt, is that collection wUl be fonnd high)/ inter 
eetuis 
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j’lhco Oh Iho eolar 8urf{i(.c, unil to \slncli the spots lo some 
or Ollier owe tlicir ongt» 

(8W a ) SfeanwJnlc il Scliwnbe, of Desflau, bj compir 
itig together the records of the general state of the sun’s 
surface jn respeet of the abundance and paucity of spots 
exhibited b_> it from 1820 to 18.X), has been led to n highly 
remarkable conehi'non, viz that their degree of copioai 
ness IS Hub]et.i to a of periodicity, alternate ininuna 
and maxima recurring at nearly equal intervals The in 
tcrval from minimum to minimum, as well as could be 
ascertained from the moderate interval embraced by the 
obser^atlons compared, iras proiisionally estimated by if 
Sehuabo at about ten ^ears iforc recentlj, if flTolf, of 
Berne," from a careful assemblage and discussion of all the 
recorded observations of sjiots vrbich could be collected 
from their first tcle-'Copie discov ery (by rabricius and liar 
not, m 1610) to the preient time, while fully confirm 
jng their periodicity, has fixed upon the somewhat longer 
period, from mmimum to mintmum, of 11^11, being ex 
actlj at the rate of nine periods per century, the last year 
of each century (1700, 1800, etc ) being a year of minimum 
In the minima there is for the most part an extieme pan 
city, and sometimes an entire absence of spots " The max 
ima (in whieh they arc often so copious that CO or 100 have 
been counted at once on the digk) do not appear to fall ex 
actly m the middle year between the minima, but rather 
earlier, abont the fifth fourth, or even the third year of 
the period What is extremely remarkable, and must cer 
tamly be received as strongly corroborative, both of the 


Rudolf Woli Transactions of Society of Nat Phil Berne 1862 
Ha in 1866 
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general fact of penochcUy and of the correctne<»3 of If 
Wolf'B period, IS, that wo find recorded in history by 
chroniclers and annalists on sereral occasions before the 
in\enUon of telescopes, the appearance of spots, or groups 
of spots, BO considerable ns to have become matter of \ olgar 
observation, as for instance in the years A D 807, 840, 1096 
and 1G07,** and several others in which, though no spots are 
recorded, a great deficiency in the sun’s light has been ro 
marked Thus m the annals of the year A D 636, the sun 
18 said to have suficred a great diminution of light, which 
continued fourteen months Prom October, A D 626, to the 
following June, a defalcation of light to the extent of one 
half IS recorded, and in A D 1547 during three days, the 
sun 13 said to have been so darkened that stars were seen 
in the day time Now of all these instances, supposing 
them all to have been owing to spots, either unusually 
large or numerous, there are only two, those of A D 807 
and 1607, which deviate so much as two years from the 
epochs of maximum fixed as above 

f394 i ) Sir W Herschel (Ph Tr 1801) considering the 
appearance of abundant spots on the sun s disk as evidence 
of an agitated state of its gaseous envelope, and regarding 
the extrication of light and heat as the results of chemical 
processes likely to be promoted by the more intimate mix 
tare of heterogeneous materials having mutual affinities, 
has attempted to show, though from very imperfect records 
(such as alone could be procured by him at that date) that 
years of remarkably abundant or deficient spots have been 
also remarkable respectively for their high or low general 


M Tb 08 « spots vero taken for planets seen on the aim, that of 840 for 
Venus those of 807 and 1607 for Mercury 
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temperature, ami c^pecmll^ for abiuulant mul dcfiLtcDt liar 
The pnmt hn*! been inquired into ly Gautier,** 
who from nn n‘?<Jei»bhero of niettorological attMfjes ob 
tamed in thirt) three stattona in Kuropc, and tnenii nine 
in America during c!t-\cn \ear'> of ob'^ersation, finds a 
trifling prcpomlennce (O’ 11 ralir) in the opposite direc 
lion On the other hand M Wolf, m the memoir nbov*e 
cued from an exammation of the Chronicles of Zurich 
from the year A D 2000 to A D 2800 i-* Jed to a conclusion 
in accordance with tins Bpecuintion, and cofjsjders them M 
affording decisivo OMdcnce “that jears rich in «;oIar spots 
are in general drier and more fruitful than Iho-iC of an oppo 
site character, while the latter arc wetter and more stormy 
than the formcT 

(3'>4: c ) Although more properly belonging to the do 
mam of general physics than of astronomy, it is impos’i* 
hie to omit mentioning here the singular coincidence of this 
period of the recurrence of the solar spots w Uli that of those 
great disturbances in the magnetic s^ystem of the earth to 
which tJic epithet oi magnotic storms hi* hcen aflixed 
Theso disturbances during winch the magnetic needle is 
greatly and unicer^allj agitated (not in a particular limited 
locality, but at one and the same instant of time oter whole 
continents, or even oier the whole earth), are found, so far 
as obser\ation has hitherto extended, to maintain a parallel 
both in respect of their frequenej of occurrence and latcn 
Bity in succe^site years with the abundance and raagmtuda 
of the spots m the same years, loo clo'^e to be regarded as 
fortuitous The coincidence of the epochs of maxima and 
minima in the two ^series of phenomena amounts indeed to 


B W X7n 7 de 0«ne're. 1844 
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idt-nUty, a fact cndititU of most importnnt pij;nificance, 
1ml ^hicU neither a«trortomical nor magnetic science is ^ct 
Fufliciently advanced to interpret 

(305) Above the luminous •mrfncc of tiie nun, and the 
region in which the spots reside, there are strong indications 
of the existence of a gaseons atmosphere ha\ ing a soincwhat 
imperfect transparcnc} ^Vhen the whole disk of the sun 
18 seen at once throagh a telescope magnifying raoderatol^y 
enongh to allow it, and with a darkening glass such as to 
suffer It to be contemplated with perfect comfort, it is very 
evident that the borders of the disk are much Ic°3 luminous 
than the centre That this is no illusion is shown by pro 
jecting the son s image undarkened and modentcly raagni 
tied, so as to occupy a circle two or three inches in diameter, 
on a sheet of white paper, taking care to have it well in 
focus, when the same appearance will be observed ’* This 
can only arise from the circumferential ra^s having under 
gone the absorptive action of a much greater thickness of 
some imperfectly transparent envelope (due to greater ob 
liqmty of their passage through it) than the central — But a 
still more convincing and indeed decisive evidence is offered 
by the phenomena attending a total eclipse of the sun 
Such eclipses (as will be show n hereafter) arc produced by 
the interposition of the dark body of the moon between the 
earth and sun, the moon being large enough to cover and 


** Th a liaa been den ed by Artijo on the evidence ©t cerU a pUenoroena 
©baerved with h!a poUrtacope bat tl o fact U a© palpable that it a matter ©I 
some aatomahmenl that it co Id ever In I to strike the most Buperfle al olmerver 
The matter has been placed beyond a doubt however by d reel eTpenments 
both phetometr e and therm c. Tl e details of tl e latter by S tr Seed i will be 
found In Aetron Nasi r A ©a SOP 813 and po to prove that the caJonSc tndla 
lEuniAf ihareatre of the sun a d »k Is nearly double of that from its hcitdAV 
and that tie eijualonal rejr one are somewl at hotter tlian the polar (Comptes 
Bendui Aug 20 18 j2 ). — AeU a4dtii 18 
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Biirpns^, by ft % ory small breadth, the whole disk of the sun 
Nou when this takes place, were there no vaporous atmos 
phere capable of reflecting any light about the sun, the sky 
ought to appear totally dark, since (as mil hereafter ebaa 
dontly appear) there is not the smallest rensoti for believing 
the moon to have any atmosphere capable of doing so So 
far, howc\cr, is this from being the case, that a bright *nng 
or corona of light is seen, fading gratlually away, as rep 
tcaented in Plate 1 fig 8, which (in cases where the moon 
IS not centra III/ superposed on the sun) is observed to bo con 
contnc with the latter, not the former body This corona was 
beautifully seen m the eclipse of July 7, 1842 and with this 
most remarkable addition — witnessed by every spectator in 



Pavia, Milan, Vienna, and elsewhere three distinct and 
very conspicuous rose colored protuberances (as represented 
in the figure cited) were seen to project beyond the dark 
limb of the moon, likened by some to flames, by others to 
mountains, but which their enormous magnitude (for to have 
been seen at all by the naked eye their height must have 
exceeded 40 000 miles), and their faint degree of jllumina 
tion, clearly prove to have been cloudy masses of the most 
excessive tenuity and which doubtless owed their support, 
and probably their existence to such an atmosphere as we 
are now speaking of In the total eclipse of J uly 28, 1851, 
similar rose colored protuberances were observed, one in 
parttaiilae of s form quite deeceire ss to their oloady 
rising straight up vertically from the edge of the disk, and 
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then flnddenly taming off nt a right angle (as in the annexed 
figure which rcpre<!ents the appearance as seen by Prof 
Schmidt, at Kastenburg) jast as a column of emole rising 
in calm air is often seen to be drifted off horizontally when 
It has attained snch a height as to bring it into an upper cur 
rent of wind To complete the resemblance, a detached and 
perfectly inaalatod mass B of the same rosy color was ob 
EOr\cd at some distance from the drifted tram A, which was 
connected with another mass C by a narrow red band or 
streak D 

(S9o « ) The existence of such an atmosphere superior to 
the laminons cn\ elope being admitted affords an easy ex 
planalion of the facula; considered as last wa\cs m the 
photosphere (art 38S) In an atmosphere consisting of 
strata gradnally decreasing in density any cause of nndu 
lation acting on the inferior strata will throw them up to 
a vastly greater height and therefore produce far greater 
waves m them than would arise from tUe same cause act 
ing on the surface of a definite ocean of 1 quid matter by 
reason of their being partially sustained against gravity, 
leaving their inert a free to carry them up to a higher lei el 
The experiment is easily tried in oil floating on water or m 
saline solutions increasing in density downward and is at 
once amusing and instruetiie [See >iote O § 89o i 
(396 ) That the temperature at the i isible b irfaee of the 
sun cannot be otherwise than very elevated much more so 
tl an any artificial heat produced in onr furnaces or by chem 
ical or galvanic processes we have indications of several 
distinct kinds 1st From the law of decrease of radiant heat 
and light which being inversely as the squares of the dis 
tances it follows that the heat received on a given area ex 
posed at the distance of the earth and on an equal area at 
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the vistblo fiurfoco of tho sun, must bo lo tbe proportion of 
the area of tUo aky occupied by tfao aun'e apparent disk 
to tbo whole hemtaphero, or as 1 to about 02,000 A far 
Ie«3 intcneity of solar radiation, collected id tbo focus of a 
burning glass, suffices to dissipato gold and platina m vapor 
2dl>, From the facility with which the calorific rays of tbo 
sun traverse glass, a property which is found to belong to 
the heat of artificial fires in tbo direct proportion of tbeir 
intensity *’ 3dly, From tbo fact, that the most vivid flames 
disappear, and the most intensely ignited solids appear only 
03 block spots on the disk of the sun when held between it 
and tbo eye ** From tbo last remark it follows, that the 
body of tbe sun, howoier dark it may appear when seen 
through its spots, may, nevertheless, bo in a state of most 
intense ignition It docs not, however, follow of necessity 
that It must be so The contrary is at least physically 
possible A perfectly reflective canopy would cfTectaally 
defend it from the radiation of the luminous regions above 
Its atmosphere, and no heat would be conducted downward 
tbroogb a gaseouB medium increasing rapidly in density 
That the penumbral clouds are highly reflective, the fact 
of their visibility in such a situation can leave no doubt 
(397 ) As the magnitude of the sun has been measured, 
and (as we shall hereafter see) its weight or quantity of pon 


* By d rect neuurement with the tiotmomettr I dnd thst out of 1 000 
calorific solar rays 616 penetrate & sheet of pUte glass 0 IS inch (h ck and 
that ol 1 000 rays wb ch have passed through one such plate 859 are capable 
of pass ng through another H 18ZT 

** Th« b«H of ign ted qu cklnne jn LieutenaBt Hmmniond a oxy hjirogea 
lamp gires the nearest ins tat on of the aolar splendor which has yet been pro 
duced The sppearanco of Ih s aga nst the sun was, however as desenbed In 
an imperfect tral at which I waa present. The experiment ought to bo re 
peated under favorable drcumslances U> the ed of IB33 Accord og 

to (he more recent experiments of ifessra. Fixeau and Faucauh the tnteaa cy of 
the 1 ght at the aurlaoe of Drummond s I me baU is only one 146th part of that 
at the surface of the sun! — Wets added 1858 
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demble matter, ascertained, ao also attempts have been 
made, and. not wholly without succeas, from the heat acta 
ally comniamcated by its mjs to given surfaces of material 
bodies exposed to their \crtical action on the earth’s sur 
face, to estimate the total cxpeoditare of heat b^ that lumi 
naryinagi\en time The result of such experiments has 
l>eea thus announced Supposing a cylinder of ico *15 miles 
in diameter to be continuallj darted into the sun tciih Ute 
lelotntj of light, and that the water produced b^ its fusion 
were continually earned off the beat now given off con 
Btantly by radiation would then be wholly expended in its 
liquefaction, on the one band, so as to leave no radiant 
surplus while on the other the actual temponturc at its 
surface would undergo no diminution " 

(397 a ) Another mode of expressing the heat generated 
and radiated off from- the sun s surf ce v\el] calculated to 
impress os with an overwhelming idea of the tremendous 
energies there conatantli in action is that eniplojel by Pro 
lessor Thomson who estimates the dynamical effect which 
would be produced in our manufactories by a consumption 
of fuel competent to evolve the heat given out bj each i idi 
» idual s(iuare yard of that surface at OSOOO horse power to 
maintain which would require the combustion of ISoOO 
pounds of coal per hour ’* 


** Reaulta ot Astrononi cal Otservatloaa at tlie Cjpo ol Good IIopo 
P 411 

“ Sea Trm R S Fdn, xt p C9 On tho \Iecl an cal tnergee of tho 
Solar Sjatem j r U Thomson Prof ^at Pi I Glasgow TI e Professor 

grounds this t c on M Pou let s dotorm nat on of the an ounl of so ar 
rad at on and Hr Jo e s e t ma e of the mechan cal equ ra ent of a cent grade 
thermal un L Tl o autl or of tl a work found at the Capo of Good Rope by 
elpenroents made on s x summe days from December 23 1 836 to Janca y 
3 IS3T the 8un tie ng nenriy re caf n each cipor menf tftaS i> (flat fat (ude 
at m dsuminer at noon and at 1 10 / et above t! o sea lere! tho solar rad at on 
Is competent to melt an nch n tl ckness from a si eet of jce exposed perpend e 
ula ly to its rays ( f wholly so employed) a 2h. 12m 42s Lst maung tl e heat 
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(SOS ) Tbts immonno cacnpo o{ boat by radiation, we may 
rcmarlc, will fully explain tbo constant state of tumnltaous 
agitation in which tho fluids composing the risible sar/acc 
arc mamtemwl, and the conUnval genera uoa and fllJmg la 
of the pores, without having rccourso to internal causes 
The mode of action hero alluded to is perfectly represented 
to tho 0^0 in tho disturbed aubsidcnco of n precipitate, as 
described in art 887, when the fluid from which it subsides 
IS warm, and losing heat from its surface, 

(899 ) Tho sun’s rays are the ultimate source of almost 
every motion which takes place on the surface of the earth 
By Its heat arc produced all winds, and those disturbances 
in tho eicctnc equilibrium of tho atmosphere which give rise 
to tho phenomena of lightning, and probably also to those 
of terrestrial magnetism and tho aurora By their yiviljitig 
action vegetables are enabled to draw support from inor- 
ganic matter, and become, in their turn, the support of am 
mals and of man, and the sources of those great deposits of 
dynamical cllicicDcy which are laid up for human use in our 
coal strata " By them the waters of the sea are made to cir 
culato in vapor through the air, and irrigate the land, pro 
ducing springs and rivers By them are produced all dis 
torbances of the chemical equilibrium of tho elements of 
nature, which, by a senes of compositions and decomposi 
tions, give rise to new products, and originate a transfer of 
materials Even the slow degradation of the solid constitn 


alworlied in traversing our atmosphere at one third of the total quant tj incident 
on U thia irives all reductions made, 43 39 feet in thickness of fee per 
melted at tho aun’a s irfaco II Pou Uet a expenments (made in June 1831) 
pvo 11 80 metros or 38 7 feet per minute Forty feet may therefore be laken 
as a probable mean and from this the result in art. 397 is calculated » 

*' So in the edition of 1833 The celebrated enpneer Stephenson Is gen 
erally, but erroneously, cited aa the onginator of th s remark 
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enta o£ the surface, m which its chief geological changes 
consist, IS almost entirely due, on the one band, to the abra> 
Sion of wind and rain, and the alternation of beat and frost, 
on the other, to the continual heating of the sea waves, agi 
tated by winds, the results of solar radiation Tidal action 
(itself partly due to the sun's agency) exercises here a com 
paratively slight influence The effect of oceanic currents 
(mainly originating in that influence), though slight lu abra 
Sion, IS powerful m diffusing and transporting the matter 
abraded, and when we consider the immense transfer of 
matter so produced, the increase of pressure over large 
spaces tn the bed of the ocean, and diminution over corre 
sponding portions of the land, we are not at a loss to per 
ceive how the elastic power of subterranean fires, thus 
repressed on the one band and relieved on the other, may 
break forth in points where the resistance is barely adequate 
to their retention, and thus bring the phenomena of even 
volcanic activity under the general law of solar inflnence ** 

(400 ) The great mystery, however, is to conceive bow 
so enormona a conflagration (if such it be) can be kept 
up Every discovery in chemical science here leaves us 
completely at a loss, or rather, seems to remove further 
the prospect of probable explanation If conjecture might 
be hazarded, we should look rather to the known possi 
bility of an indefinite generation of heat by friction, or to 
its excitement by the electric discharge, than to any actual 
combustion of ponderable fuel, whether solid or gaseous, 
for the origin of the solar radiation ” Photographic repre 

** So la the edit on of 1833 

*> Elcctr city irefensing cxccesirely rarefied air or Tnpors gites out light, 
andf doubtless also heat May not a cont nual current ot electee tnatter be 
constancy c rcolat ng in the suns immedaie ceghborhood or travers ng the 
planetary spaces and exciting In the upper regions oj its atmosphere those 
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fccntfltiona ot tho epota b-wo been made \\Jtb much succesa 
bjr Mr. Dc la Rue, witb a “pbotobcIiOBcopo” at Kew; also 
by the Rev. W Sclw’3'n, Canon of Ely, etc. 


phenomftnn ot on howover dimlnotlto a icalo, wo hare ycl an uncqulvo* 

traJ manltestallotj In onr awrora boroaJj#. Tlo {wesiblo anaJoj?/ o/ tho iwlar Ji^bt 
lo that ot lUo aurora Iim been dlaUncUy Iiuuat^ on by the tuto Sir TV Ilcrschoi, 
In p(» wr already ated. It woerfd tw a Ijfghly curious subject ol experimeiKat 
liKluiry bow (nr a mere redoplicattou ol sLecu ol flamo, at a diatnneo ono brdibd 
the other (by which Uicir l\jhl might bo brought to any required Intensity) 
would commun lento to tho heal ot Uie resulllo^ compound ray Ibo penetrating 
cluiracter whkh dmtingiiUhcn the solar calorific rays iVo may also obserto tl at 
the uanqiiilhiy ol Iho ana a polar aa compared with its equatorial regions pi ia 
p{iots bo really atmorpl cric) cannot be accounuHt for by lu rotation on its axis 
onfy but mMt nriso from aomo cause external to the furnfnous erirfaceol tho 
sun as wo see tho belts ol Jupiter and Saturn and onr trade winds arise trom 
a eauso external to ll eso plnueti combminp iHell wUh ihclr rotation, which 
atone can produce no motions wJ cn once U e fonn of equilibrium is attained. 

Tho prismatic analysis ot the solar beam 0x1 Iblls in the spectrum a aorics 
ol fixed lines ' toaaJly uttltke those which belong to the I ght ot any known 
icrreaUlal flaino This may hereafter lead na to a dearer Insight into Ito origin. 
But before w e can draw any concluefons from such an ind cahon wo mast 
recollect that previous to reaching us it has undergone the whole absorptive 
BcUoo ot our aimospl ere, na well as of the sun a Of tlio btter we know noth 
ing and may conjecture ovoiythlng, but of the blue color ot tho former wa are 
sure and U thii bo an inherci t (i « an absorptive) tolor tho air must be ex 
peeled to ttcl on tl o apcclrum afier iljo analogy of 1 1) er colored media wlilcti 
often (and ei^ecially light blue media) leave unabsorbed portions separated by 
dark intorvaN It deserves inquiry, therefore whcllerBome or all the flxM 
lines observed by Wolhaton and Fraunhofer may not have their origin In our 
own atmosphere Fxperiments made on loftj mountains or tho cars of bat 
loons on the one hand and on the other with refiected beams which hove been 
made to IravorsB several miles ot addiiioaal air near tho surface mould decide 
this point Tho absorpiivo effect of the sun’a atmosphere and possibly also 
ot the medium surround ng it (wluitever it be) which resists the motions of 
comets cannot be thus ehminaied — Aa/e to the edition of 1 83J The idea of 
referring tho origin of the solar heat to friction has been worked out into an 
elaborato theory by Professor Thotuson In Ins paper already cited of which 
some account will bo given in a more advanced portion of this work (1858 ) 
Tho recoct remarkable results of what la called Spectnim Aoalysta * afford 
a curious commentary on this note (1863 ) [See nole M (1865 )} 


Note on Aht 394 a — The year 18S6 was reronrkal-le for tho absence-of 
BMU in the BUn (in exact accordance with Wolf a period) durmg 185T the 
phase of increased activity caine on and the present year (1858) is ushered In 
with a msgn fleent d splay of spots la the sun s soulhern hemisphere — JVofv 
oddeaJan 4 1858 
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CHAPTER Vn 

Of the UooQ — It# B dercal Period — Ito Apparent Diameter— It* Parallax 
Distance and Real Diameter — rrst Approxjmaton to its Orbit — An 
Ell pae about the Earth in the Poena — Its Pxcentric ty and Ind na 
ton— Mot on of its hiodes and Apsides — Of Occuliattons and Solar 
Eclipses Generally — Limit* within which they arc Possible — They 
Prove the Uooa to bo an Opaque Solid — Its Light Derived from the 
Bun — It* Phases — Synod o Revolut on or Lunar Uonth — Harvest 
Moon — Of Eclipses more Particularly — Their Phenomena — Their Po 
* nod cil Recurrence — Physical Conatitut on of the Moon — Its Moun 
ta ns and other SuperScml Peat ires — Indicsiwna of former Votainnj 
Activity — Its Atmosphere— Climate — Radiation of Heat from us Sur 
face — Rotation on it* own Axis— LibraUon — Appearance of the Earth 
from It — Probable Elongation of the Moon s E gure in the Direction of 
the Earth — Its Hab tabdity not Impossible — Charts Models and Pho 
tographs of ita Surface 

(iOl ) The moon, like the sun, appears to advance among 
the stars with a movement contrary to the general dinrnal 
motion of the heavens, but much more rapid, so as to be 
very readily perceived (as we have before observed) by a few 
hours’ cursory attention on any moonlight night By this 
continual advance, which, though sometimes quicker, some 
times slower, is never intermitted or reversed, it makes the 
tour of the heavens in a mean or average period of 27* 7' 43” 
IV 6 returning in that time, to a position among the stars 
neirly coincident with that it had before, and which would 
be exactly so, but for reasons presently to be stated 

(402 ) The moon, then, like the sun, apparently describes 
an orbit round the earth, and this orbit cannot be tcry dif 
ferent from a circle, because the apparent angular dram 
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cler of the full moon js not liable to any g;reat extent of 
variation. 

(108.) The di<itance of tbo moon from the earth is con* 
cladetl from its horizontal p.arallax, which may be found 
either directly, by obsenmlions at remote geographical sta 
tions, os.actly similar to those described in art. 855, in tho 
case of the sun, or by means of tho phenomena called dc- 
cultatiDDs, from which also its apparent di.araetcr is most 
readily and correctly found. From such ob'^crvations it re 
coU« that tho mean or average value of the moon’s hori- 
zontal parallax is 67' 2* '325,’ and the mean distanca of the 
centre of the moon from that of the earth is GO 255 of the 
earth’s cquatonal radu, or about 2SS703 miles, taking with 
Mr Adams 67' 2' 325 for the mean horizontal parallax. 
Tins distance, great as it is, is little more than one-fonrth 
of the diameter of tho sun's body, so that the globe of the 
sun would nearl} twice include the whole orbit of the moon; 
a consideration wonderfully calculated to raise our ideas of 
that stupendous luminary! 

(404 ) The distance of the moon’s centre from an ob- 
server at any station on tbo earth’s surface, compared with 
Its apparent angular diameter as measured from that station, 
will give its real or linear diameter. Kow, the former dis 
lance is easily calculated when the distance from the earth’s 
centre is known, and the apparent zenith distance of the 
moon also determined by observation, for if we turn to 
the figure of art. 339, and suppose S the moon, A the sta- 
tion, and C the e.arth’8 centre, the distance S C, and the 
earth's radius C A, two sides of the triangle ACS 


* Tkw Ksult T«<«aUy by Uf fAtsiM., osuwsiiee etewet 

•with that assigned by Henderson, tu. 67' 2" 31 
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are given, and the angle 0 A S, which is the sapplcment 
of Z A S, the obsen cd zenith distance, whence it is easy 
to find A S, the moon’s distance from A From such ob 
servations and calculations it results, tint the real diameter 
of the moon is 2100 miles or about 0 2729 of that of the 
earth, whence it follows that, the bulk of the latter being 
considered ns 1, that of the former will be 0 0204, or 
about i The difference of the apparent diameter of the 
moon, as seen from the earth s centre and from any point 
of its surface, is technically called the augmentation of the 
apparent diameter, and its maximum occurs when the moon 
18 m the zenith of the spectator Her mean angular diam 
eter, as seen from the centre, is 31 7', and is always =; 0 545 
X her horizontal parallax 

(405 ) By a senes of obacrvations such as desenbed in 
art 403, if continue(^ duniig one or more revolutions of the 
moon, its real distance mav be ascertained at every point 
of its orbit, and if at the same time its apparent places in 
the heavens be observed, and reduced by means of its paral 
lax to the earth s centre, their angnlar intervals will become 
known, HO that the path of the moon may then be laid down 
on a chart supposed to represent the plane m which its orbit 
lies, just as was explained in the case of the solar ellipse 
(art 349) Now, when this is done, it is found that neg 
lecting certain small though very perceptible deiiations 
of which a satisfactory account will hereafter be rendered, 
the form of the apparent orbit like that of the sun, is 
elliptic, bnt considerably more excentric the excentncity 
amounting to 0 0o484 of the mean distance or the major 
semi axis of the ellipse and the earth s centre being siW 
ated in its focus 

(406) The plane m which this orbit lies is not the 



S36 


OUTLINES OF ASTSOEOIFF 


ecliptic, however, but la inclined to it it an angle of 6® 8 
48*, which IS called the inclination of the lunar orbit, and 
intersects it in two opposite points, which are ciUed ita 
codes — the ascenchnff node being that in which the moon 
pisses from the southern side of the ecliptic to the northern, 
and the descending the reverse The points of the orbit at 
which the moon is nearest to and furthest from the earth, 
are called respectively its perigee and apogee^ and the line 
joining them and the earth the line of apsides 

(407 ) There are, however, several remarkable circum 
stances which interrupt the close ne&s of the analogy, which 
cannot fail to strike the reader between the motion qf the 
moon around the earth and of the earth around the sum 
In the latter case, the ellipse described remains during a 
great many revolutions unaltered m its position and dimen 
sions, or at least the changes which /t undergoes are not 
perceptible but in a course of very nice observations which 
have disclosed it is true the existence of perturbations,” 
but of so minute an order that in ordinary parlance and 
for common purposes we may leave them unconsidercd 
But this cannot be done in the case of the moon E\en 
in a single re%olution its deviation from a perfect ellipse is 
very sensible It does not return to the same exact position 
among the stars from which it set out thereby indicating a 
continual ch tnge in the j iane of its orl it And in effect, 
if we trace I y observation from month to month, the point 
where it trnersos the ecliptic we shall find th it the nodes at 
its orbit arc in a continual state of retreat upon the ecliptic 
fenpposc O to be the earth and Ab a d tint j ortion of the 
plane of the ecliptic which n intersected by tlie moon in its 
aUornato pa<iaages through it from sovitU to north and vw« 
tersd, and let A B 0 I) E 1 he a portion of the moon a 
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orVit, embracing a complete Pidcreal revolution. Soppoeo 
ittoect out from the ascending node, A, then, if tbo orbit 
lay all jn one plane, passing through 0, it would bate a, 
the opposite point in the ecliptic, for its descending node; 
after passing which, jt would again ascend at A. But, in 
fact, il9 real path carries it not to o, hut along a certain 
curve, A B C, to C, a point in the ecliptic less than 180® 
distant from A, so that the angle A O C, or the are of 
longitndo desenbed between the ascending and the descend^ 
ing node, is soinewhat less than 
180®. It then pursues its course 
below the ecliptic, along the curve 
C D B, and rises again above it, 
not at tho point c, diametncall} 
opposite to C, but at a point £, 
le«3 adsanced in longitude On the whole, then, the ate 
desenbed in longitude between two consecutnc passages 
from south to north through the plane of the ecliptic, 
falls short of S60® by tho angle A 0 E, or, in other 
words, the ascending node appears to have retreated in 
one lunation on the plane of the ecliptic by that amount. 
To complete a sidereal revolution, then, it must still go on 
to describe an arc, E F, on its orbit, which will no longer, 
however, bring it exactly back to A, but to a point some 
what above it, or hamn^ nor/A latitude 

(408 ) The actual amount of this retreat of the moon s 
pode ift about 8 lO* 64 per d*em, on an average, and in n 
period of 6793 89 mean solar days, or about 18 6 years, tho 
ascending node is carried round in a direction contrary to 
ihs .wmsi’j? jcDPljos ?b jIs rvlcl /ar ircB) esisi to 
a whole circumference of the ecliptic Of course, m the 
middle of this period the position of the orbit must have 

Astboxomt^VoI XIX— ib 
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beeu precisely reversed from what it was at the beginning. 
Its apparent path, then, will he among totally different 
stars and constellations at different parts of this penod, and 
this kind of spiral revolution being continually kept up, it 
will, at one time or other, cover with its disk every point 
of the heavens within that limit of latitude or distance from 
the ecliptic which its inclination permits, that is to gay, a 
belt or zone of the heaiens, of 10° 18 m breadth, having 
the ecliptic for its middle line Kevertheless, it still re 
mams true that the actual place of the moon, in conse 
qnence of this motion, deviates in a single revolution very 
little from what it would be were the nodes at test Snp 
posing the moon to set out from its node A, its latitude, 
when it comes to F, having completed a revolution in longi 
tude, will not exceed 8 , which, though small m a single 
revolution, accumulates in its effect in a succession of 
many it is to account for, and represent geometrically, 
this deviation, that the motion of the nodes is devised 

(409 ) The moon's orbit, then, is not, strictly speaking, 
an ellipse returning into itself, by reason of the variation of 
the plans in which it lies and the motion of its nodes But 
eveu laying aside this consideration, the axis of the ellipse 
IS itself constantly changing its direction m space, as has 
been already stated of the solar ellipse, but much more rap 
idly, making a complete revolution, in the same direction 
with the moon’s own motion, in 3232 5763 mean solar days, 
or about nine years, being about of angular motion in (i 
whole revolution of the moon This la the phenomenon 
known by the name of the revolution of the moon’s apsides 
Its cause will be hereafter explained Its immediate effect 
IS to produce a variation in the moon’s distance from the 
earth, winch is not included in the laws of exact olhptio 
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motion. In a nnglc revolotion of tho moon, tins \anntton 
of distance is trifling; but in the course of many it becomes 
considerable, os is easily bccd, if we consider that in four 
years and a half the po<»ition of the axis will be completely 
reversed, and tho apogee of the moon will occur where tho 
perigee occurred before 

(410 ) The best way to form a distinct conception of tho 
moon’s motion is to rcganl it as describing an ellipse about 
the earth in the focus, and, at the same time, to regard this 
ellipse itself to be in a twofold state of revolution; Ist, in 
its own plane, by a continual advance of its axis in that 
plane; and 2dly, by a continual tilling motion of the piano 
itself, exactly similar to, but much more rapid than, that 
of the earth’s equator produced the conical motion of its 
axis, described in art 817 

(411 ) As the moon is at a very moderate distance from 
us (astronomically speaking), and is in fact our nearest 
neighbor, while tho sun and stars are in companson im* 
mensoly beyond it, it must of necessity happen, that at one 
time or other it must past over and occult or eclipse every 
star and planet within the zone above described (and, os 
seen from the surface of earth, even somewhat beyond it, 
by reason of parallax, which may throw it apparently nearly 
a degree either way from its place as seen from the centre, 
according to the observer’s station) Nor is the sun itself 
exempt from being thus bidden, whenever any part of tho 
moon’s disk, in this her tortuons course, comes to overlap 
any part of tho space occupied in tho heavens by that lumi 
nary. On these occasions is exhibited the. most striking and 
impressive of all the occasional phenomena of astronomy, an 
eclipse of the sun, in which a greater or less portion, or even 
in some rare conjunctures the whole, of its disk is obscured, 
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and, aB it were, obliterated, by the superposition of that of 
tho moon, which appears upon it as a circularly terminated 
black spot, producing a temporary diminution of daylight, 
or even nocturnal darkness, so that the stars appear as if 
at midnight In other cases, when, at the moment that the 
moon IS centrally superposed on the sun, it so happens that 
her distance from the earth is such as to render her angular 
diameter less than the sun’s, the very singular phenomenon 
of an annular solar eclipse takes place, when the edge of 
the sun appears for a few minutes as a narrow ring of light 
projecting on all sides beyond the dark circle oconpied by 
the moon in its centre 

(412 ) A solar eclipse can only happen when the sun and 
moon are tn conjunction, that is to say, have the same, or 
nearly the same, position in the heavens, or the same longi 
tude It appears by art 409 that this condition can only 
be fulBllcd at the tune of a neiv moon, though it by no 
means follows, that at every conjunction there must be an 
eclipse of the sun If the lunar orbit coincided with the 
ecliptic, this would be the case, bat as it is inclined to it 
at an angle of upward of 6", it is evident that the conjunc 
tion, or equality of longitudes, may take place when the 
moon iH in the part of her orbit too remote from the ecliptic 
to permit the disks to meet and overlap It is easy, how 
ever, to assign the limits within which an eclipse la possi 
ble To this end we must consider, that, by the effect of • 
parallax, the moon’s apparent edge may be thrown in any 
direction, according to a spectator's geographical station, by 
any amount not exceeding her horizontal parallax, and the 
same holds good of the sun, so ibat there is a displacement 
to tho extent of the difference of the two parallaxes Now, 
this comes to the same (so far as the possibility of an eclipse 
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M con '«ne*i) jw \i the ii|i[ arcnt diameter of the noon, #etn 
from tlie earth's centre, were dtlated bjr twite the dilTcrenco 
of Ihttr \ onzonul pa’TillaxtH, for if, when so dilated, it can 
touch or overlap the snn, there mwt be an eclipse at tome 
part or other of the earth'* surfae^ If, then, at the mo- 
ment of the nearest conjunction, the gwv cntrio iluiiance of 
tCc centres of the two latnmancn do not exceed the sum 
of their renid lame tern and of the last rntnlioned diHerence, 
there will W an ecliiwe The aum i*, at its maximum, 
about Sf 20*. Ill the uphencal tnangle S N M, then, 
in which S IS the *un'* centre, M the moon'*, S N the 
ecliptic, M N the moon a orbit, and the no<lo, we majr 
Bupposo the angle K S M a right angle, S if = 1" fti 20*, 
and the angle, M Is S = 6" 8 -18*, the inclination of the 
orbit Hence we calculate S N, 
which comes out 16'' &8 If, then, 
at the moment of the new moon, the 
moon's node is further from the suu 
m longitude than this limn, there 
can bo no cclipae, if within, there may, and probably will, 
at some part or other of the earth To ascertain precisely 
whether there will or not, and, if ihcro be, how great will 
bu the part eclipsed, the solar and lunar tables must be con 
suited, the place of the node and the scmidiamctcrs exactly 
ascertained, and the local parallax, and apparent augmenta 
tion of the moon s diameter duo to the diUcronco of her 
dLstance from the obscrv cr and from the centre of the earth 
(which may amount to a sixtieth part of her horizontal 
diameter), determined, after which it is easy, from the 
above considerations, to calculate the amount ovcriayipcd 
of the two disks, and their moment of contact 

(413 ) The calculation of the occultation of a star do 




840 


OUTLINES OF ASTEONOMY 


nnd, as it wore, obliterated, by the superposition of that of 
the moon, which appears upon it as a circularly terminated 
black spot, producing a temporary dimmution of diyhght, 
or e\en nocturnal darkness, so that the stars appear as if 
at midnight In other cases, when, at the moment that the 
moon IS centrally superposed on the sun, it so happens that 
her distance from the earth is such as to render her angular 
diameter less than the sun’s, the veiy singular phenomenon 
of an annular solar echpse takes place, when the edge of 
the sun appears for a few minutes as a narrow ring of light 
projecting on all sides beyond the dark circle occupied by 
the moon in its centre 

(412 ) A solar eclipse can only happen when the sun and 
moon are tn conjunction, that is to say, have the same, or 
nearly the same, position in the heavens, or the same longi 
tude It appears by art 409 that this condition can only 
be fulfilled at the time of a new moon, though it by no 
means follows, that at every conjunction there musi be an 
eclipse of the sun If the lunar orhit coincided with the 
ecliptic, this would be the case, but as it is inclined to it 
at an angle of upward of 6°, it is evident that the conjunc* 
tion, or equality of longitudes, may take place when the 
moon 13 in the part of her orbit too remote from the echptio 
to permit the disks to meet and overlap It i3 easy, how 
ever, to assign the limits within which an eclipse is possi- 
ble To this end we must consider, that, by the effect of * 
parallax, the moon’s apparent edge may he thrown in any 
direction, according to a spectator’s geographical station, by 
any amount not exceeding her horizontal parallax, and the 
same holds good of the sun, so that there la a displacement 
to the extent of the difference of the two parallaxes Now, 
this comes to the same (so far as the possibibty of an eclipse 
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IB concerned) ag if the apparent diameter of the moon, seen 
from the earth’s centre, were dilated by twice the difference 
of their horizontal parallaxes, for if, when so dilated, it can 
touch or overlap the sun, there must he an eclipse at aome 
part or other of the earth’s surface If, then, at the mo 
ment of the nearest conjunction, the geocenttio distance of 
the centres of the two lumicanes do not exceed the sum 
of their semidiameters and of the last mentioned difference, 
there will he an eclipse The aum la, at its maximum, 
ahont 1® 34 26' In the spherical triangle SUM, then, 
in which S is the sun's centre, M the moon’s, S JST the 
ecliptic, II N the moon’s orbit, and K the node, we may 
suppose the angle N S M a right angle S M = 1® 34' 26*, 
and the angle, M N S = 6® 8 48*, the inclination of the 
orbit Hence we calculate S N, 
which comes out 16® 68 If, then, 
at the moment of the new moon, the 
moon’s node is further from the sun 
in loDgitnde than this limit, there 
can he no eclipse , if within, there may, and probably will, 
at some part or other of the earth To ascertain precisely 
whether there will or not, and, if there be, how great wiU 
be the part eclipsed, the Solar and lunar tables must be con 
suited, the place of the node and the senudiameters exactly 
ascertained, and the local parallax, and apparent augmenta 
tion of the moon s diameter due to the difference of her 
distance from the observer and from the centre of the earth 
(which may amount to a sixtieth part of her horizontal 
diameter), determined, after which it is easy, from the 
above considerations, to calculate the amonnt overlapped 
of the two disks, and their moment of contact 

(413 ) The calcnlaUon of the occnltation of a star de 
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peads on similar coasiderattOQs Aa occultatioa is posst 
hie, when the moon’s coarse, as seen from the earth’s centre, 
carries her within a distance from the star equal to the sam 
of her semidiameter and horizontal parallax, and it will 
happen at any particular spot, when her apparent path, as 
seen from that spot, cames her centre within a distance 
equal to the sum of her augmented semidiameter and actual 
parallax The details of these calculations, which are some 
what troublesome, must be sought elsewhere * 

(414-) The phenomenon of a solar eclipse and of an oc 
cultatioQ are highly interesting and instructive in a physical 
point of view They teach us that the moon is an opaque 
body, terminated by a real and sharply defined surface in 
terceptiDg light like a solid They prove to ns, also, that 
at those times when we cannot see the moon, she really ex 
ists and pursues her course, and that when we see her only 
as a crescent, however narrow, the whole globular body ts 
there, filling up the deficient outline, though unseen For 
occultations take place indifferently at the dark and bright, 
the visible and invisible outline, whichever happens to be 
toward the direction in which the moon la moving, with 
this only difference, that a star occulted by the bright limb, 
if the phenomenon be watched with a telescope, gives no 
tice, by its gradual approach to the visible edge, when to 
expect its disappearance, while if occulted at the dark 
limb if the moon, at least, bo more than a few days old, 
it IS as it were, extinguished in mid air, without notice or 
visible cause for its disappearance, which, as it happens 
instantaneously, and without the slightest previous dimmu 


* Woodhous* s Aatronomy rol I Sc* *1 m» Trana. Aat Sou. toL I p 3J5 
VroL litwmis s IntrodueVion to PruclloO JUWoDonjT to -wtofto *rrciy 
detail of Uie calcuUUon wIU be found lUustratod by ouraeriou cxnmple#. 
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tion of Its light, 13 always surpnsing, and, if the star be 
a large and bright one, even startling from its suddenness 
The reappearance of the star, too, when the moon has 
passed over it, takes place m those cases when the bright 
side of the moon is foremost, not at the concave outline of 
the crescent, bnt at the invisible outline of the complete 
circle, and is scarcely less surprising, from its suddenness, 
than its disappearance m the other case * 

(415 ) The existence of the complete circle of the disk, 
even when the moon is not full, does not, however, rest 
only on the evidence of occultations and eclipses It may 
be icen, when the moon is crescent or waning a few days 
before and after the new moon, with the naked eye, as a 
pale round body, to which the crescent seems attached, and 
somewhat projecting beyond its outline (which is an opti 
cal illusion arising from the greater intensity of its light) 
The cause of this appearance will presently be explained 
Meanwhile the fact is sufficient to show that the moon is 
not tuherenfly luminous like the sun, but that her light 
IS of an adventitious nature And its crescent form, m 
creasing regularly from a narrow semicircular line to a com 


• There >8 an optical fUns on of a Ycry atrange and unaccountable nature 
wh ch I as often been remarked in occultat one The eiar appears to adrance 
acttiaJlj' and a/Mtii tbo edge of the d«lr before it d sappears a d tl at 
son elimea to a cons derable depth I hare uever mjself witnessed lb s emgular 
effect b it It rests on most uneqni-rocal lest mony I hare called t an opt cal 
ill 8 on but It IS barel]/ poiiibk that a star may s! me on such occaa oos through 
deep fleaurea In the aubsianoe of the moon The occultat ous of close double 
atara ought to be riarrotrly natcl e<h to see trhetber both Ind t d ala are thus 
prq;tcUd aa well aa for other purposes connected wvtl the r theo y I will 
only b nt at one t z. tl at a double star too elate to be seen d r ded with any 
telescope may j«i be detec ed to be double by the mode of iu d sappearance 
Should a coos derable sur for nstance natead of undergo ng natanuneous 
and complete exUncuon go out by two d a Incc a eps following close upon each 
other first l08 ng a port on then the whole rema nder of its 1 gbt we may be 
sure It Is a do ble star though we cam ol see the ladinduala eeparalety — Jfoto 
to the edit of X833 



OUTLINES OF ASTRONOMY 


sa 

plete circular disL^ corresponds to the appearance a globe 
"Would present, one hemisphere of which was black, the 
other white, when differentlj tamed toward the eye, so as 
to present a greater or less portion of each. The obnous 
conclasion from this is, that the moon is such a globe, one- 
half of which 18 bnghtened by the rays of some lunuoaiy 
sufficiently distant to enlighten the complete hemisphere, 
and sufficiently intense to give it the degree of splendor 
we see Now, the sun alone is competent to snch an 
eficct Its distance and light suffice, and, moreover, it is 
invariably observed that, when a crescent, the bright edge 
IS toiLard the sun, and that in proportion as the moon in 
her monthly coarse becomes more and more distant from 
tbe sun, the breadth of the crescent increases, and xice vend. 

(416 ) The son’s distance being 23931 radu of the earth, 
and tbe moon’s only 60, the former is nearly 400 times the 



latter Lines, therefore drawn from the sun to every part 
of the moon’s orhit may be regarded as very nearlv para! 
Icl * Suppose, now 0 to be the earth, A B C D, etc , van- 
ons positions of the moon in its orbit, and S the sun, at the 
vast distance above slated, as is shown, then, in the figure, 

* Tho uij^lo «uV)teod«d bj the tnooa’a orb t, aa ae«a iron tbo au» (to the 
tnean atoto ol Ihlopi) la only 11 13'^ 
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the bemiapbcro of the lunar globe turned toward it (on the 
right) will be bright, the opposite dark, wherever it maj 
stand m Its orbit Now, in the position A, when in con 
juncUon with the sun, the dark part is entirely turned 
toward O, and the bnght from it In this case, then, the 
moon 13 not seen, it 13 new moon When the moon has 
come to C, half the bnght and half the dark hemisphere are 
presented to O, and the same in the opposite situation G 
these are the hrst and third quarters of the moon Lastly, 
when at B, the whole bnght face is toward the earth, the 
whole dark side from it, and it is then seen wholly bright or 
/ull moon In the intermediate positions B D F H, the por 
tiODS of the bright face presented to O will be at Orst less 
than half the visible surface, then greater, and finally less 
again, till it vanishes altogether, as it comes round again 
to A 

(417 ) These monthly changes of appearance, or phases, 
as they are called, arise, then, from the moon, an opaque 
body, being illuminated on one side by the sun, and reflect 
ing from it, in all directions, a portion of the light so re 
ceived Nor let it be thought surprising that a solid sub 
stance thns illuminated should appear to shtne and again 
illuminate the earth It is no more than a white cloud does 
standing off upon the clear blue sky By day, the moon 
can hardly be distinguished in brightness from such a 
cloud, and, in the dusk of the evening clouds catching 
the last rays of the sun appear with a dazzling splendor, not 
inferior to the seeming brightness of the moon at night * 


* The actual ill minaiion of the lunar « rface ia not wneh aoperlor to that 
of wea hered aandslone rock in f U s insl ne I have freque iilj compared 
the oioon sett np bel md II e praj perpend cular taip de ot Ibo Table Mountain 
Ilium nated by the sun just r sen in the oppoa le quarter of tl a hor *on when 
It baa scarcely been d siinguishable id bnghtoeaa from the rock In contact w th 



846 


OUTLINES OE ASTR0L1>U7 


That the earth sends also such a light to the moon, onlj 
probably more powerful by reason of its greater apparent 
eiee,* is agreeable to optical principles, and ezLpIains the ap- 
pearance of the dark portion of the young or waning moon 
completing its crescent (art 413) For, when the moon la 
nearly new to the earth, the latter (so to speak) os nearly 
full to the former, it then illuminates its dark half liy 
strong earth lights and it is a portion of this, reflected back 
again, which makes it visible to us in the twilight sky As 
the moon gams age, the earth offers it a less portion of its 
bright Bide, and the phenomenon in question dies away 
The light of the full moon is estimated by Bouguer on the 
result of photometric comparisons, as only one SOOOOOth part 
of that of the sun 

(418 ) The lunar month is determined by the recurrence 
of its phases it reckons from new moon to new moon , that 
13, from leaving its conjunction with the sun to ita return to 
conjunction If the sun stood still, like a £:sed star, the 
interval between two conjunctions would be the same as the 
period of the moon's sidereal revolution (art 401), but, as 
the sun apparently advances in the heavens in the same 
direction with the moon, only slower, the latter has more 
than a complete sidereal period to perform to come up with 
the sun again, and will require for it a longer tune, which 
IS the lunar month, or, as it is generally termed in ostron 
omy, a aynodical period The difference is easily calculated 
byconsidenng that the saperfluous arc (whatever it be) is 
described by the sun with the velocity of 0° 98665 per them, 

It The nn and reoon being uMirlr at equal altitudes and the atraiMphero per 
foet); (re« from cloud or vapor ita oSect la a] ke on both luminarleeu (II 1848.) 

* The apparent diameter of tha noon ia S'* Iron the earth that of tb« earth 
aeon from the noon la twice her hor^Matal p-aralla* or V" M Tho apparent 
inrfacci therefore arc aa (114)* (32)’ or as 13 1 near!/ • 
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in the same time that the moon describes that arc a com* 
plete revolution, with her velocitj ol 13“‘17640 per diem] 
and, the times of description being identical, the spaces are 
to each other in the proportion of the velocities. Let 
V and y be the mean angular daily motions of the sun 
and moon as above, x the superfluous arc; then V : u : : 
360’ + X : x; and V — v : v : : 860’ : x, whence x is found; 


and- = the time in days in which the sun describes the arc 


X, that is, the synodical period = 


~P-P' 


,, if P, p are 


the periodic times of each separately, which reduced to 
numbers, gives, 29**530589 - 29* 12“ 44“ 2-87. 

(419.) Supposing the position of the nodes of the moon’s 
orbit to permit it, when the moon stands at A (or at the new 
moon), it will intercept a part or the whole of the sun's rays, 
and cause a solar eclipse. On the other hand, when at E (or 
at the fall moon), the earth O will intercept the rays of the 
sun, and cast a shadow on the moon, thereby causing a lunar 
eclipse. And this is consonant to fact, such eclipses never 
happening but at the time of the full moon But, what is 
still more remarkable, as confirmatory of the position of the 
earth’s sphericity, this shadow, which we plainly see to 
enter upon and, as it were, eat away the disk of the moon, 
is always terminated by a circular outline, though, from the 
greater size of the circle, it is only partially seen at any one 
time. Now, a body which always casts a circular shadow 
must itself be spherical. 

(420 ) Eclipses of the sun are best -ondeTstood by regard- 
ing the sun and moon as two independent luminaries, each 
moving according to known laws, and viewed from the 
earth; but it is also instructive to consider eclipses gen- 



m 


OUTLINES ON ASTnoyOHY 


erally as arjsjng from the shadow of one bodj tbiown on 
another by a luminary much larger than either Suppose, 
then, -A. B to represent the sun, and C D a spherical body, 
whether earth or moon, illuminated by it If we join and 
prolong A G, B D, since A B is greater than OB, those 
lines will meet in a point E, more or less distant from the 
body C D, according to its size, and within the space CEB 
(which represents a cone, since C D and A B are spheres), 
there will be a total shadow This shadow is called the 
umbra y and a spectator situated within it can see no part of 
the sun’s disk Beyond the umbra are two diverging spaces 




(or rather, a portion of a single conical space, having K for 
its vertex), where if a spectator he situated, as at if, he will 
see a portion only (A O N P) of the sun’s surface the re«t 
(B O N" P) being obscured by the earth He wiB, there 
fore, receive only partial sunshine, and the more, the nearer 
he is to the extenor borders of that cone which is called the 
penumbra Beyond this he will see the whole sun, and be 
m fall illaminatton All these circumstances may be per- 
fectly well shown by holding a small globe up in the sun, 
and reeeinog its shadow at different distances on a sheet 
of paper 
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(421.) In a Innar echpsc (represented m the upper figure), 
the moon is seen to enter’ tlic pmuvxlra first, and by de- 
grees get involved in the umbrae the former bordering the 
latter like a smoky haze. At this period of the eclipse, and 
while yet a considerable part of the moon remains unob- 
scured, the portion involved in the umbra is invisible to the 
naked eye, though still perceptible in a telescope, and of a 
dark gray hue. But as the eclipse advances, and the en- 
lightened part diminishes in extent, and grows gradually 
more and more obscured by the advance of the penumbra, 
the eye, relieved from its glare, becomes more sensible to 
feeble impressions of light and color, and phenomena of a 
remarkable and instructive character begin to bo developed. 
The umbra is seen to be very far from totally dark, and in 
its faint illumination it exhibits a gradation of color, being 
bluish, or even (by contrast) somewhat greenish, toward the 
borders for a space of about 4' or 6' of apparent angular 
breadth inward, thence passing, by delicate but rapid grada 
tion, through rose red to a fiery or copper-colored glow, like 
that of dull red-hot iron. As the eclipse proceeds this glow 
spreads over the whole surface of the moon, which then be 
comes on some occasions so strongly illuminated as to cast 
a very sensible shadow, and allow the spots on its surface to 
be perfectly well distinguished through a telescope. 

(422 ) The cause of these singular, and sometimes very 
beautiful appearances, is the refraction of the sun’s light in 
passing through our atmosphere, which at the same time 
becomes colored with the hues of sunset by the absorption 
of more or less of the violet and blue rays, as it passes 


’ The actual contact with the penumbra ia never seen, tha defalcation 
of light comes on »o very gradually that It is not tUl when already deeply 
immetscd, that it >9 perceived to be eenaibly darkened 
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through strfttft nearer or more remote from the earth's sur 
face and therefore more or Jess loaded mth rapor To 
show this Jot A D a bo R section of the cone of the umbra 
ami FB A/of the penumbra through their common axis 
D F S, p'i«»sing tlirough the centres F S of the earth and 
Bun and lot K M A bo a section of these cones at a dis 
tanco E M from E equal to the radius of the moon s orbit 



or 60 radn of the earth * Taking this radius for unitj, since 
E S the distance of the sun is 23984 and the semidtameter 
of the sun 111 such units we readily calculate D E = 218 
D M = 158 for the distances at which the apex of the geo 
metrical umbra lies behind the earth and the moon respec 
lively We also find for the measure of the angle E D B, 

15 46* and therefore D B E = 89 44 14' whence also we 
get MO (the linear semidiameter of the «m6ra)= 0 726 

• The figure ifl unavo diWj dravni out o! all proport on and the angles 
Tiolen \y exaggerated The reader should try to draw the figure in its true 
proportions 
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(or in miles 2S68), ami the angle OEM, its apparent an« 
gular seraidiamcter as seen from E ss 41' 82*. And institot* 
iog similar calculations for tho geometrical js^numbra wo get 
MK = l-280 (508-1 miles), and KEM 1’ 18' 20*; and it 
ma} be well to remember that the doubles of these angles, 
or the mean angnlar diameters of the im6ra and penumbra, 
are described by the moon with its mean velocity in 2' 46*, 
and 4' OS'* respectively, which are therefore the rcspcctivo 
durations of tho total and partial obscuration of any one 
point of the moon’s disk in traversing centrally tho geomet* 
rical shadow. 

(423.) Were the earth devoid of atmosphere, the whole 
of the phenomena of a lunar eclipse would consist in these 
partial or total obscurations. Within the space C c tho 
whole of the light, and within K C and c i a greater or less 
portion of it, would be intercepted by the solid body B i of 
the earth. Tho refracting atmosphere, however, extends 
from B h, to a certain unknown, but very small distance 
B n, 5 7i, which, acting as a convex lens, of gradually (and 
very rapidly) decreasing density, disperses all that compara* 
tivelj small portion of light which falls upon it over a space 
bonnded externally by H g, parallel and very nearly co- 
incident with B F, and internally by a line B z, the former 
representing the extreme exterior ray from the limb a of 
the sun, the latter, the extreme intenor ray from the limb 
A. To avoid complication, however, we will trace only the 
courses of rays which just graze the surface at B, viz. : B a 
from the upper border, A, and B v from the lower, a, of the 
snn. Each of these rays is bent inward from its original 
course by double the amount of the horizontal refractioa 
(33*) i. e. by 1® 6’, because, in passing from B out of tho 
atmosphere, it undergoes a deviation equal to that at enter- 
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ing, and in llio same direction Instead, tborcforc of par 
suing llio courses B D B F these rajs rcspoctivoly will 
occupy the positions B z y B v making with the aforesaid 
lines the angles B B y F B r each 1 0 Now we have 
found D B E = 89 44 14' and therefore rBE(srDBE + 
angular diam of o) = 90* 16 17' consequently the angles 
E B y and E B e will he respectively 88 SS 14' and 89 10 
17', from which we conclude E s = 42 04 and E e = 69 14, 
the former falling short of the moon s orbit by 17 96 and 
the latter sarpassing it by 9 14 rada of the earth 

(424) The penumbra therefore of rays refracted at B, 
will bo spread over the space w B y that at H over y H d, 
and at the intermediate points over similar intermediate 
spaces and through this compound of superposed penum 
brto the moon passes during the whole of its path through 
the geometrical shadow, never attaining the absolute nmbra 
B z h at all Without going into detail as to the intensity 
of the refracted rays it is OMdent that the totality of 1 ght 
so thrown into the shadow is to that which the earth inter 
cepls as the area of a circular section of the atmosphere to 
that of a diametrical section of the earth itself and there 
fore at all events but feeble And it is still farther efl 
feobled by actual clouds suspended in that portion of the 
air which forms the visible border of the earth s disk as 
seen from the moon as well as by the general want of 
transparency caused by invisible vapor which is especially 
effective in the lowermost strata withm three or four miles 
of the surface and which will impart to all the rays they 
transmit the ruddy hue of sunset only of double the depth 
of tint which we admire in our glowing sunsets by reason 
of the rays hanog to traverse twice ss great a tbiokaess oi 
atmosphere This redness wiU be most intense at the 



ovTZJyEs OF vts^i^o^02^' 


853 


points a:, y, of tho moon’s path through the umbra, and 
will thence degrade very rapidly outwardlj, over the spaces 
z C, y c, less 80 inwardly, over z y And at C, c, its hue 
will be mingled with the bluish or greenish light which 
the atmosphere scatters by irregular dispersion, or in other 
words by our twilight (art 44) Kor will the phenomenon 
be uniformly conspicuous at all times Supposing a gener 
ally and deeply clouded state of the atmosphere around the 
edge of the earth’s disk visible from the moon (t e around 
that great circle of the earth, in which, at the moment the 
sun is in the horizon) little or no refracted light may reach 
the moon * ** Supposing that circle partly clouded and partly 
clear, patches of red light corresponding to the clear por 
tioos will be thrown into the umbra, and may give nse to 
various and changeable distribntions of light on the eclipsed 
disk," while, if entirely clear, the eclipse will be remark 
able for the conspicuousness of the moon during the whole 
or a part of its immersion in the umbra ' 

(425 ) Owing to the great size of the earth, the cone of 
its umhra always projects far beyond the moon, so that, 
if, at the time of a lunar eclipse, the moon s path be prop 
erly directed, it is sure to pass through the umhra This 
13 not, however, the case in solar eclipses It so happens, 
from the adjustment of the size and distance of the moon, 
that the extremity of her umbra always falls near the earth, 
but sometimes attains and sometime falls short of its sur 
face In the former case (represented in the lower figure, 

* As In the eclipses of June 6 1620 Apnl 25 1643 lalande Ast. 1769 
Also December 9 1601 nnd June 10 1816 on which occasion the moon waa 
totally InTisIbte eren In telescopes. 

** As in the eel pse of Oct. 13 1837 obserred by the author 

'* Aa in that of Uarch 19 1848 when the moon U described as giTuit[^ 

‘ good Ught ’ during more than an hour after Its total Immcrsloo and some 
penona eron deuhtod Its be ng eclipsed. (Notices of K. Ast Soc. tIu. p. 132 ) 
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art 420) a black epot, gurrotinclecl by a famtor sbadow, is 
formed, beyond which there is no ccitpso on any part of the 
earth, but within which there may be cither a total or partial 
one ns the spectator 13 within the umbra or penumbra 
When tbo apex of the umbra falls on the surface, the moon 
at that point will appear, for an instant, to jusl cover the 
sun, but, when it falls short, tbero will bo no total ecbp%o 
on any part of the earth, but a spectator, situated in or near 
the prolongation of the axis of the cone, will see the whole 
of tbo moon on tiio sun, although not large enough to cover 
It, < « ho will witness an annular eclipse, a phenomenon to 
which much interest is attached by reason of some curious 
optical phenomena first observed by Mr Baily at the mo 
ments of tbo forming and breaking of the annulus, like 
beads of light alternating with black thready elongations 
of the moon's limb, known by the name of “Baily's beads " 
(42d ) Owing to a remarkable enough adjustment of the 
periods in which the moon’s synodical revolution, and that 
of her nodes, are performed, eclipses return alter a certain 
penod, very nearly in the same order and of the same mng 
mtude For 223 of the moon’s mean synodical revolutions, 
or funations, as they are called, will be found to occupy 
6586 32 dajs, and nineteen complete synodical revolutions 
of the node to occupy 6585 78 The difference in the mean 
position of the node, then, at the beginning and epd of 223 
lunations, 18 nearly insensible, so that a recurrence of all 
eclipses within that interval must take place Accordingly, 
this penod of 223 lunations, or eighteen years and ten days, 
is a very important one in the calculation of eclipses Jtis 
supposed to have been known to the Chaldeans, the earliest 
astronomers the regular return of eclipses having been 
known as a physical fact for ages before their exact theory 
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was nnderstood. In thU period there occur ordinarily 70 
eclipses, 20 of the moon, and 41 of the sun, vistble in some 
part of the earth. Seven eclipses of cither sun or moon at 
most, and two at least (both of the sun), may occur in n 
year. 

(427.) The commencement, duration, and magnitude of 
a lunar eclipse arc much more easily calculated than those 
of a solar, being independent of the position of the spectator 
on the earth’s surface, and the same as if viewed from its 
centre. The common centre of the umhra and jienumhra 
lies always in the ecliptic, at a point opposite to the sun, 
and the path desenbed by the moon in p.a3sing through it 
is its true orbit ns it stands at the moment of the fall moon. 
In this orbit, its position, at every instant, is known from 
the Innar tables and ephemens; and all wc have, therefore, 
to ascertain, is, the moment when the distance between the 
moon’s centre and the centre of the shadow is exactly equal 
to the sum of the semidiamctcrs of the moon and penumbra^ 
or of the moon and umbra , to know when it enters upon 
and leaves them respectively. No lunar eclipse can take 
place, if, at the moment of the full moon, the sun be at a 
greater angular distance from the node of the moon’s orbit 
than 11“ 21', meaning by an eclipse the immersion of any 
part of the moon in the umbra, as its contact with the 
penumbra cannot be observed (see note to art, 421). 

(428 ) The dimensions of the shadow, at the place where 
it crosses the moon’s path, require ns to know the distances 
of the snn and moon at the time. These are variable; but 
are calculated and set down, as well as their semidiameters, 
for every day, in the ephemens, so that none of the data are 
wanting. The snn's distance is easily calculated from its 
elliptic orbit; but the moon's is a matter of more difficulty, 
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by rc'v.'^on of tlio progrc^isive motion of tlio nxH of the lunar 
orbit (Art 10 >) Both, howeter, aro rcndily obtamcil 
from the epliemcna for every day, the sun’s distance being 
given explicitly and the moon s implicitly, from her tabu 
laled apparent diameter 

(428 a ) It descre es to be mentioned that the moon may 
be seen cchpsetl irhiJo the sun is yet above the horizon* by 
1 spectator properly situated so that both luminaries being 
on hiB mathematical honzon shall bo raised above it by 
refraction which (art 43) exceeds the apparent diameter of 
either Tbia singular conpinctnro of circumstances is said 
to have been observed from Montmartre near Pans, by 
the assembled academicians of that cit) m A P 1668 

(128 i ) The full moon which happens ou or nearest to 
the 2l8t of September is called the harvest moon because 
It rises from night to nigbt after the full, more nearly after 
Bunsot than any other full moon in the jear and is therefore 
favorable for evening work in carrying in the late crops 
Suppose the full moon to happen on that da) (the time of 
the antumnal equinox) the sun is then entering Libra, and 
the moon Aries the former setting due west, the latter 
rising due east, the southern half of the ecliptic is then 
entirely above and the northern below the horizon and the 
ecliptic itself makes then the least possible angle with 
the horizon In advancing then 12*, or one day s motion, 
along the ecliptic (or along its own orbit which is not 
much inclined to it) it will become Jess depressed below 
the horizon, and have therefore, a less hour angle to travel 
over by the diurnal motion after sunset the next night to 
bring it into view than at any other time The most favor 
able harvest moon is when the fall moon falling on the 
21st of September, happens at the same time to be m 
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tbc &5ccnding nodo of her orbit, which then coincides 
with the ^cmal equinox. 

(429 ) The physical constitution of the moon is better 
bnown to ns than that of any other heavenly body 
the aid of telescopes, wo discern inequalities in its surface 
which can be no other than monntains and valleys — for this 
plain reason, that we see the shadows cast b^ the former in 
tho exact proportion as to length i^hich the} ought to have, 
when wo take into account the inclination of tho sun's rays 
lo that part of the moon’s surfaco on which they stand 
The convex outline of the limb tnrncd toward tho sun is 
always circular, and very nearly smooth, but the opposite 
border of the enlightened part, which (were tho moon a 
perfect sphere) ought to be an exact and sharply deGned 
ellipse, IS always observed to bo extremely ragged, and 
indented with deep recesses and prominent points Tho 
moon tains near this edge cast long black shadows, as they 
should evidently do, when wo consider that tho son is in 
the act of rising or setting to the parts of tho moon so 
circumstanced But as the enlightened edge advances 
beyond them, t c as the sun to them gams altitude, their 
shadows shorten, and at the full moon, when all the light 
falls m onr line of sight, no shadows are seen on any part 
of her surface From micrometrical measures of the lengths 
of the shadows of the more conspicuous mountains, taken 
under the most favorable circumstances, tho heights of many 
of them have been calculated Messrs Beer and Maedler, 
in their elaborate work, entitled “Der Mond,” have given 
a list of heights resulting from such measurements, for no 
ksa. ihtxn. 109.1 lunar tmm.nbtvo.'i, atsAng which, orjins a.11 
degrees of elevation up to 8569 toises (22 823 Bntish feet), 
or about 1400 feet higher than Chimborazo in the Andes 
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The existence of such mountaioa is further corroborated 
h} their appearinco, as small points or islands of light 
beyond the extreme edge of the enlightened part, which 
nre tlioir tops catching the sunbeams before the inter 
mediate plain, and which, as the light advances, at length 
connect themselves with it and appear as promioences 
from the general edge 

(480 ) The generality of the lunar mountains present 
a striking umformity and singularity of aspect They are 
wonderfully numerous espeoially toward the southern por 
tion of the disk, occupying by far the larger portion of the 
surface, and almost unnemlly of an exactly circular or 
cup shaped form, foreshortened howeier into ellipses to 
ward the limb but the larger have for the most part flat 
bottoms within, from which rises centrally a small, steep, 
conical hill They offer in short in its highest perfeo 
tion the true volcanic character, as it may be seen in the 
crater of Vesuvius and in a map of the volcanic districts 
of the Campi Phlegrau ’ or the Puy de Dome but with this 
remarkable peculiarity viz that the bottoms of many of 
the craters are very deeply depressed below the general 
surface of the moon the internal depth being often twice 
or three times the external height In some of the pnn 
cipal ones decisive marks of volcanic stratification, arising 
from successive deposits of ejected matter and evident 
indications of lava currents streaming outward in all di 
rections may be clearly traced with powerful telescopes 
(See Plate Y Jig 2)* In Lord Kosse s magnificent refiec 
tor, the flat bottom of the crater called Albategmus is seen 
to be strewed with blocks not visible zn infenor telescopes, 


• Bea Bt« slak s map ot the enTirona of Naples and tteainarest a 
'* From a drawing taken with a reflector of twenty feet focal length 



OVTLTiES OF ASTRO\OHY 


859 


whtle tho extenor of another (Aristillus) js all hatched o%cr 
wlh deep galhea radiating toward ita centre What is, 
moreover, extremelj singular m the geology of the moon 
ts, that, although nothing having the character of seas can 
1)0 traced (for the dusVy spots, which are commonly called 
seas when closely examined, present appearances incompat 
ible with the supposition of deep water) yet there are largo 
regions perfectly level, and apparently of a decided alluvial 
character, as there are also hero and there chains of moan 
tains whose appearance suggests no suspicion of volcanic 
origin [See 430 o, in Note H ] 

(431 ) We perceive on the moon no clouds nor an^ 
other decisive indications of an atmosphere Were there 
any, it could not fail to he perceived in the occultations 
of stars and the phenomena of solar eclipses as well as 
in a great variety of other phenomena The moon s dt 
ameter, for example as measured nnerometneaUy, and as 
estimated by the interval between the disappearance and re 
appearance of a star in an occultation, ought to differ by 
twicfc vbft horwftutal Te,ftac,t\oa the mwiu » surface No 
appreciable difference being perceived we arc entitled to 
conclnde the non existence of any atmosphere at its edge 
dense enongh to cause a refraction of i' t e having one 
1980th part of the density of the earth s atmosphere In 
a solar eclipse, the existence of any sensible refracting at 
mosphere m the moon would enable us to trace the Itrab 
of the latter beyond the cusps, externally to the sun s disk 
by a narrow lut hnlhant line of light extending to some 
distance along its edge No sneh phenomenon is seen 
Yert/ faint stars ought to be extinguished before occulta 
tion, were any appreciable amonnt of vapor suspended near 
the surface of the moon But such is not the case, when 
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occalted at the bngbt edge, indeed, the light of the moon 
extinguishes small stars, and even at the dark hmb, the 
glare in the sky caused by the near presence of the moon 
renders the occultation of very minute stars unobservable 
But during the continuance of a total lunar eclipse, stars 
of the tenth and eleventh magnitude are seen to come up 
to the limb, and undergo sudden extinction as well as those 
of greater brightness '* Hence, the climate of the moon 
must be very extraordinary, the alternation being that of 
unmitigated and burning sunshine fiercer than an equate 
rial noon, continued ior a whole fortnight and the keenest 
seventy of frost far exceeding that of our polar winters, 
for an equal time Such a disposition of things must pro 
duce a constant transfer of whatever moisture may exist on 
its surface, from the point beneath the sun to that opposite, 
by distillation in vacuo after the manner of the little instrn 
ment called a eryaphorus The consequence must be abso> 
lute aridity below the vertical sun, constant accretion of 
hoarfrost in the opposite region, and, perhaps a narrow 
zone of running water at the borders of the enlightened 
hemisphere “ It is possible, then, that evaporation on the 
one hand, and condensation on the other, may to a certain 
extent preserve on equilibrium of temperature, and mitigate 
the extreme seventy of both climates but this process, 
which would imply the continual generation and destruo 
tion of an atmosphere of aqueous vapor, must m conform 
ity with what has been said above of a lunar atmosphere, 
be confined withm very narrow limits 

(432 ) Though the surface of the full moon exposed 
to us must necessarily be very much heated — possibly to a 
degree much exceeding that of boiling water— yet we feel 
M ^ observed by mysetX in eel pse of Oct. IS 1 83t “ 6o in ed. of 1833 
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BO heat from it, and even m the focus of largo refleetora 
it fails to affect tho thermometer. No doubt, therefore, its 
heat (conformably to what is obsen'ed of that of bodies 
heated below tho point of luraino<iitj) is much moro readily 
absorbed in traversing transparent media than direct solar 
heat, ond is extinguished m the upper regions of our atmos- 
phere, neicr reaching the surface of tho earth at all. Somo 
probability is given to this by the tendency to disappearance 
oj clouds under the full moon, a meteorological /act (for as 
such we think it fully eutitleil to rank") for a Inch it is 
necessary to seek a cause, and for which no other rational 
explanation seems to offer As for any other influence of 
the moon on the weather, wo have no decisive evidence 
ID its favor 

(483 ) A circle of one second in diameter, as seen from 
the earth, on the surface of the moon, contains about a 
square mile Telescopes, therefore, most jet be greatly 
improved, before we coold expect to see signs of inhabt 
tants, as manifested bj edifices or by changes on the sar 
face of the soil It should, however, be observed, that, 
owing to the small density of the materials of the moon, 
and the comparatively feeble gravitation of bodies on her 
surface, muscular force would there go six times as far m 
overcoming the weight of materials as on the earth Owing 
to the want of air, however, it seems impossible that any 
form of life, analogous to those on earth, can subsist there 


'* From my own obeoryatlomt fOAde quite Independently ot any IcnowledgO 
cl aucb a tcndci cy baying t:«en obseired by otliers. Uiimboldt, bowever in 
hi# refwnal Narrative #peaV# t>t U «-# well known to tho p lata and BOamen 
ol Spanish America. 

U. Arago has shown from a coaipanson of mla registered a# having fallon 
dunng a long period that a slight proponderanco In roepect of quantity falls 
near tho new moon over that which WH near the full. Tin# would be a caturaJ 
and necessary consequence of a preponderance of a doodles# sky about the foil, 
and forms therefore, part and parcel of the aame meteorological fact. 

AstnoxoiiT— Tol XIX — 1C 
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No appearance indicating vegetation, or the slightest varia 
tion of surface, which can, m our opinion, fairly be ascribed 
to change of season, can anywhere be discerned 

(434 ) The lunar summer and winter arise, m fact, from 
the rotation of the moon on its own axis, the- period of 
which rotation is exactly equal to its sidereal revolution 
about the earth, and is performed m a plane 1° 80 ll' 
inclined to the ecliptic, whose ascendtny node is always 
precisely coincident with the descendi7iy node of the lunar 
orbit So that the axis of rotation describes a conical sur 
face about the pole of the ecliptic in one revolution of the 
node The remarkable coincidence of the two rotations, 
that about the axis and that about the earth, which at 
first sight would seem perfectly distinct, has been asserted 
(but we think aomewhat too hastily") to be a consequence 
of the general laws to be explained hereafter Be that how 
it may, it la the canse why we always see the same face of 
the moon, and have no knowledge of the other side ” 

(435 ) The moon's rotation on her axis is uniform, but 
since her motion in her orbit (like that of the snn) is not 
so, wo are enabled to look a few degrees round the equa 
tonal parta of her visible border, on the eastern or western 
side according to circumstances, or, in other words, the 
line joining the centres of the earth and moon fluctuates a 
little in its position, from its mean or average mtersectton 


” Seo ‘ Ed nbiirgh Bbtisv ’ No US p 192 

•* Sirango U> wy there are persons who find it difficult to regard as a rota 
tioa on Its own asis that pec 1 ar ty of tha moon s motion which consists is 
Ita keep ng ll e same face always toward the earth Should any of our renders 
be tn this pTcd cament, we recommend him to plant a et»S upright in tl o 
ground and grasp ng it w th both hands walk round it, keep ng as close to 
It as possible with hU face always tn ned toward it when the ucm I'takHblo 
aensatioD of gidd neaa will effectually sat sfy h m of the fact of b a rotation on 
ha own ails or he may nalk round a tree always fac ng it, and carrying a 
compass n his hand and wl lie walcl Ing the needle dunng a few c rcu ca 
endeavor to persuade hlmaelf that be does twt turn upon Lis own centre 
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with her surface, to the cast or wcRtwanl. And, moreover, 
since the axis about which she revolves is neither exactly 
pcrpendtcular to lier orbit, nor holds an invariable direction 
in space, her poles come alternately into view for a small 
space at the edges of her disk. These phenomena aro 
known by the name of libratiojt^. In consequence of these 
two distinct kinds of libration, the same identical point of 
the moon’s surface is not always the centre of her disk, and 
we therclore get sight ol a zone of a few degrees in breadth 
on all sides of the border, beyond an exact hemisphere. 

(436.) If there bo inhabitants in the side of the moon 
turned toward us, the earth must present to them the ex- 
traordinary appearance of a moon of nearly 2° in diameter, 
exhibiting phases complementary to those which we see the 
moon to do, but immovally fixed tji their sky (or, at least, 
changing its apparent place only by the small amount of the 
libration), while the stars must seem to pass slowly beside 
and behind it. It will appear clouded with variable spots, 
and belted with equatorial and tropical zones correspond- 
ing to our trade-winds; and it may be doubted whether, in 
their perpetual change, the outlines of our continents and 
seas can ever bo clearly discerned. During a solar eclipse, 
the earth’s atmosphere will become visible as a narrow, but 
bright, luminous ring of a ruddy color, where it rests on 
the earth, gradually passing into faint blue, encircling the 
whole or part of the dark disk of the earth, the remainder 
being dark and ragged with clouds. 

(486 a.) On the subject of the moon's habitability, tho 
complete absence of air noticed m art. 481, if general over 
her whole surface, would of coarse be decisive. Some con- 
siderations of a contrary nature, however, suggest them- 
selves in conseq^uence of a remark lately made by Prof. 
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IZansao, nz that the fact of the moon turning always the 
same face toward the earth is iq all probability the result 
of an elongation of its figure in the direction of a line join 
log the centres of both the bodies acting conjointly with a 
non coincidence of its centre of gravity itith its centre of aym 
meiry *Vo the middle of the length of a stick, loaded with 
a heavy weight at one end and a light one at the other, at 
tach a string and swing it round The heavy weight will 
assume and maintain a position in the circulation of the 
joint mass further from the hand than the lighter This is 
not improbably what takes place in the moon Anticipat 
mg to a certain extent what he will find more fully detailed 
in the next chapter the reader may consider the moon as 
retained in her orbit about the earth by some coercing 
power analogous to that which the hand exerts on the 
compound mass above described through the string Snp 
pose then, its globe made up of materials not homoge 
neous and so disposed in its interior that some consid 
erable preponderance of weight should exist excentrically 
situated then it will be easily apprehended that the por 
tion of Its surface nearer to that heavier portion of its solid 
content, under all the circumstances of a rotation so ad 
justed, will permanently occupy the situation most remote 
from the earth Let ua now consider what may be expected 
to be the distribution of air, water, or other fluid on the 
surface of such a globe, supposing its quantity not sufficient 
to cover and drown the whole mass It will run toward the 
lowest place that is to say, not the nearest to the centre of 
figure or to the central point of the mere space occupied by 
the moon, but to the centre of the mass or what is called 
in mechanics the centre of gravity There will be formed 
there an ocean, of more or less extent eccording to the 
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quantity of fluid, directly over the heavier nucleus, while 
the lighter portion of the solid material will stand out os a 
continent on the opposite side. And the 'height above tho 
level of such ocean to which it will project will bo greater, 
the greater tho excentricity of tho centre of gravity. Sup- 
pose then that in tho case of the moon this oxccntricitj 
should amount to some thirty or forty miles, such would 
be the general elevation of the lunar land (or tho portion 
turned earthward) above its ocean, so that the whole of that 
portion of tho moon wo sec would in fact come to be 
regarded os a mountainous elevation above the sea level. 

(436 1.) In what regards its assumption of a deSnito 
level, air obeys precisely the same hydrostatical laws as 
water. The lunar atmosphere would rest upon the lunar 
ocean, and form in its basin a lake of air, whose upper 
portions at an altitude such as we are now contemplating, 
would be of excessive tenuity, especially should the lunar 
provision of air bo less abundant in proportion than our 
own. It by no means follows, then, from the absence of 
visible indications of water or air on this side of the moon, 
that the other is equally destitute of them, and equally 
unfitted for maintaining animal or vegetable life Some 
slight approach to such a state of things actually obtains 
on the earth itself. Nearly all the land is collected in one 
of its hemispheres, and much the larger portion of the sea 
in the opposite (art. 284). There is evidently an excess of 
heavy material vertically beneath the middle of the Pacific; 
while not very remote from the point of the globe diametri- 
cally opposite rises the great tableland of India, and the 
Himalaya chain, on the summits of which the air has not 
mans Usss it fi-iW -cf dessity ft hse ^ th& s&t Ayyvs?, 
from which animated existence is forever excluded. 
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(487 ) The best charts of the lunar surface are those of 
Cassini, of Russel (engraved from drawings, made by the 
aid of a seven feet reflecting telescope), the seleno topo 
graphical charts of Lohrmann, and the very elaborate 
projection of Beer and llaedler accompanying their work 
already cited Madame "Witte, a Hanoverian lady, has re 
cently succeeded in producing from her own observations, 
aided by Maedler’s charts, more than one complete model of 
the whole visible lunar hemisphere, of the most perfect 
kind, the result of incredible diligence and assiduity 
Single craters have also been modelled on a large scale, 
both by her and Mr Nasmyth Still more recently (1851- 
1863), photography has been applied with success to the 
exact delineation of the lunar surface, hy Mr Wbipple, 
using for this purpose the great Fraunhofer equatorial of 
the Observatory at Cambridge, U S , by Mr Hartnup, with 
ie equatorial of the Liverpool Observatory, but more ea 
pecially by Mr De la Rue, with an equatorially mounted 
Newtonian reflector of 13 inches aperture and 10 feet focal 
length [See § 437 a, in Note I ] 


CHAPTER Tin 

Of Terrestn&l Onritf — Of Uia Law of TTnlTerful Or&vitaUon — FaUib of Pro 
Jccbles Appttreot, Boil— T! e Moon Ilebilned la her Orbil by Oravlty 
— Its Liw of Duninui on — Lawit of Etilpt c MOcton — Orbil of Ihe Earth 
Bound the Sun in Acoordanee with these Laws — Masses of lha Earth 
and Sun Compared — Density of the S u— Eotco of Grarily it its 8ur 
face — D slurb ng Efloct of the 5 m on 11 e Moon a Motion 

(438 ) The reader has now been made acquainted with 
the chief phenomena of the motions of the earth in its orbit 
round the sun, and of the moon about the earth — ^We come 
next to speak of the physical cause which maintains and 
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perpetuates these motions, and causes the massive bodies so 
ravolvtng to deviate continually from the directions they 
would naturally seek to follow, in pursuance of the first 
law of motion,’ and bend their courses into curves concave 
to their centres. 

(439.) "Whatever attempts may have been made by meta> 
physical writers to reason away the connection of cause and 
effect, and fritter it down into the unsatisfactory relation of 
habitual sequence,' it is certain that the conception of some 
more real and intimate connection is quite ns strongly im* 
pressed npon the human mind os that of the existence of 
an external world — the vindication of whoso reality has 
(strange to say) been regarded as an achievement of no 
common ment in the annals of this branch of philosophy. 
It is ocr own immediate consciousness of effort, when we 
exert force to pat matter in motion, or to oppose and 
neutralize force, which gives ns this internal conviction 
of power and causation so far as it refers to the material 
world, and compels us to believe that whenever we see 
material objects put in motion from a state of rest, or de> 
fleeted from their rectilinear paths and changed in their 
velocities if already in motion, it is in consequence of such 
an EFFORT somehow exerted, though not accompanied with 
our consetonsness. That such an effort shonld bo exerted 
with success through an interposed space, is no doubt diffi* 


• Pnndpk Lox I 

* 6oe lirowu “On C&tise and ESect" — a irork of great aenteness and aobtletj 
of reaaoQlng on aotoe pomta, but tu wbich the nhote train of argument la nitaiad 

oue euormons oversight, the omission, camel j, of a diritnet and mmedtate 
personai consnonsness e/ causation In his enumeration of that ssgvetice of events, 
bj which tho Toliuon o( the mind Is made to termiuata in the motion of matena! 
objecti 1 mean the conaciouaneea of ejart, accompanied with ententton UerAy 
to scoomplisb an end, as a thing entire!/ distinct from mere desire or vohlum » 
tie one lisud, and from mere spasmodic contraction of muscle# on the other. 
Brown, 3d edit Edin. 1818, p 4T. (ITote to edition of 1633 ) 
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calt to coaceive But the difScultj is no way alleviated by 
the interposition of any kind of material communication 
The action of mind on matter admits of no explanation m 
words or elucidation by parallels We know it is a fact, 
but are utterly incapable of analyzing it as a process 
(440 ) All bodies with which we are acquainted, when 
raised into the air and quietly abandoned, descend to the 
earth 8 surface m lines perpendicular to it They are there 
for© urged thereto by a force or effort, which it is but 
reasonable to regard as the direct or indirect result of a 
consciousness and a will existing somewhere though beyond 
our power to trace which force we term gravity and whoso 
tendency or direction, as universal experience teaches, is 
toward the earth s centre or rather, to speak etnctly, with 
reference to its spheroidal figure perpendicular to the sur 
face of still water But if we cast a body obliquely into the 
air, this tendency though not extinguished or dimmisbed, 
13 matenally modified in its ultimate effect The upward 
impetus we give the stone is, it is true, after a time de 
stroyed, and a downward one communicated to it which 
ultimately brings it to the surface, where it is opposed in 
its further progress, and brought to rest But all the while 
It has been continually deflected or bent aside from its rec 
tilinear progress and made to describe a curved line con 
cave to the earth s centre , and having a highest point, vertex, 
or apogee, just as the moon has m its orbit, where the direc 
tion of its motion la perpendicular to the radius 

(441 ) When the stone which we fling obliquely upward 
meets and is stopped m its descent by the earth’s surface, 

Its motion 13 not toward the centre but inclined to the 
iftdvuft at the angle aa when, tt quitted oui 

hand As we are sure that, if not stopped by the resist 
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once ol tlic einh it would conHuac to descend, and tbnt 
obliquely, what prcsutnptJon, we maj ask, ts there that it 
would ever reach the centre toward which its motion, m 
no part of its Msible course, was ever directed? "What 
reason have we to behove that it might not rather circulate 
round it, as the moon docs round the earth, returning Uc^ain 
to the point it set out from, after completing an elliptic 
orbit of which the earth’s centre occupies the lower focus? 
And if so, 19 it not reasonable to imagine that the same 
force of gravity may (since we know that it is exerted at 
all accessible heights above the surface, and even in the 
highest regions of the atmosphere) extend as far as 60 radii 
of the earth, or to the moon? and may not this be the 
power — for some power there must be — which deflects Jer 
at every instant from the tangent of her orbit, and keeps 
her in the elliptic path which experience teaches us she 
actually pursues? 

(442 ) If a stone be whirled round at the end of a string 
It will stretch the string by a centrifugal force, which, if the 
speed of rotation be suflicieDtly increased, will at length 
break the string, and let the stone escape However strong 
the string, it may, by a aufidcieut rotary velocity of the 
stone, be brought to the utmost tension it will bear without 
breaking, and if we know what weight it is capable of 
carrying, the velocity necessary for this purpose is easily 
calculated Suppose, now, a string to connect the earth s 
centre with a weight at its surface, whose strength should 
be ]ust sufftcieDt to sustain that weight suspended from it 
Let us, however for a moment imagine gravity to have no 
existence and that the weight is made to revolve with the 
limiting velocity whicfi tiat string can barefy counteract, 
then will Its tension be just equal to the weight of the 
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revolving body; and any power which should continually 
urge the body toward the centre with a force equal to its 
weight would perform the office, and might supply the 
place of tho string, if divided. Divide it then, and in its 
place lot gravity act, and the body will circulate as before; 
its tendency to the centre, or its loeiffht, being just balanced 
by Its centrifugal force. Knowing the radius of the earth, 
wo can calculate by the principles of mechanics the peri- 
odical time in which a body so balanced must circulate to 
keep it up; .and this appears to be I** 23” 22'. 

(443.) If we make the same calculation for a body at the 
distance of the moon, supposing its toeighi or gravity the same 
as at the earth's surface, we shall find the period required to 
be 10’’ 46“ 80*. The actual period of the moon’s revolution, 
however, is 27* 7^ 43", and hence it la clear that the moon’s 
velocity is not nearly sufficient to sustain it against such 
a power, supposing it to revolve in a circle, or neglecting 
(for the present) the slight elliplicity of its orbit. In order 
that a body at the distance of the moon (or the moon itself) 
should be capable of keeping its distance from the earth by 
the outward effort of its centrifugal force, while yet its time 
of revolution should be what the moon’s actually is, it will 
appear* that gravity, instead of being as intense as at the 
surface, would require to be very nearly 3600 times less 
energetic; or, in other words, that its intensity is so en- 
feebled by the remoteness of the body on which it acts, 
aa to be capable of producing in it, in the same time, only 
lAnth part of the motion which it would impart to the same 
mass of matter at the earth’s surface. 

(444 ) The distance of the moon from the earth’s centre 
is very nearly sixty times the distance from the centre to 

• KewtoD, FiiQop. b. i, Prop. 4, Oor, 2. 
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the surface, and 8600 1 60 * 1', ■’o that the proportion 

in which wo must admit the earth’s gravity to be enfeebled 
at the moon's distance, if it be really the force which retains 
the moon in her orbit, mast be (at least in this particular 
instance) that of the squares of the distances at which it is 
compared Now, in such a diminution of energy with in 
crease of distance, there la nothing pTima/«ci6 inadmissible 
Emanations from a centre, such as light and heat, do really 
dimmish in intensity by increase of distance, and in tins 
identical proportion , and though we cannot certainly argue 
much from this analogy, yet we do see that the power of 
magnetic and clectnc attractions and repulsions is actually 
enfeebled by distance, and much more rapidly than m the 
simple proportion of the increased distances The argu 
ment, therefore, stands thus — On the one hand, Gravity is 
a real power, of whose agency we have daily experience 
We know that it extends to the greatest accessible heights, 
and far beyond, and we sea no reason for drawing a lino at 
any particular height, and there asserting that it mast cease 
entirely, though we have analogies to lead us to suppose 
its energy may diminish as we ascend to great heights from 
the BUPface, such as that of the moon On the other hand 
we are sure the moon m urged toward the earth by some 
power which retains her m her orbit and that the intensity 
of this power is such as would correspond to a gravity 
diminished in the proportion — otherwise not improbable — 
of the squares of the distances If gravity be not that 
power, there mnst exist some other, and, besides this, 
gravity must cease at some inferior level, or the nature of 
the moon must be different from that of ponderable matter, 

for if not, It would be urged by both powers, and therefore 

too much urged and forced inward from her path 
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(445 ) It IS on such, an argument that Newton is under 
stood to bare rested, in the first instance, And proTisionalty, 
his law of universal gravitation, which may be thus ab- 
stractly stated — “Every particle of matter in the universe 
attracts every other particle, with a force directly proper 
tioned to the mass of the attracting particle, and inversely 
to the square of the distance between them ” In this ab 
Btract and general form, however, the proposition is not 
applicable to the case before us The earth and moon are 
not mere parttclea, but great spherical bodies, and to snch 
the general law does not immediately apply, and, before 
we can make it applicable, it becomes necessary to inquire 
what will be the force with which a congeries of particles, 
constituting a solid mass of any assigned figure^ will attract 
another such collection of material atoms This problem 
IS one purely dynamical, and, in this its general form, is 
of extreme difficulty Fortunately, however, for human 
knowledge when the attracting and attracted bodies are 
spheres, it admits of an easy and direct solution Newton 
himself has shown (^Prtnctp b i prop 75) that, in that case, 
the attraction is precisely the same as if the whole matter of 
each sphere were collected into its centre and the spheres 
were single particles there placed, so that, m this case, the 
geneml law applies m its strict wording The effect of 
the tnfimg deviation of the earth from a spherical form 
IS of too minute an order to need attention at present It 
18 however, perceptible, and may be hereafter noticed 

(440) The next step in the fvewtonian argument is one 
which divests the law of gmvitation of its pronsional 
character, as denied from a loo«e and superflcial consulem 
tion of the lunar orbit as a circle desenbed with on oicrng© 
or mean velocity, and elevates it to the rank of a general 
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nnd primordial relation by proving its applicability to the 
etato of existing nature in all its circumstances This step 
consists in demonstrating, ns he has done* (Princip i. 17, t. 
75), that, under the inAnence of such an attractive force 
mutually urging two spherical gravitating bodies toward 
each other, they will each, when moving m each other’s 
neighborhood, be deflected into an orbit concave toward 
the other, and describe, one about the other regarded as 
fixed, or both round their common centre of gratuty, curves 
whose forms are limited to those figures known in geometry 
by the general name of conic sections It will depend, he 
shows, in any assigned case, upon the particular circum 
stances of velocity, distance, and direction, which of these 
carves shall be described — whether an ellipse, a circle, a 
parabola, or a hyperbola, but one or other it must be, and 
any one of any degree of excentncity it may be, according 
to the circumstances of the case, and, in all cases, the point 
to which the motion is referred, whether it be the centre of 
one of the spheres, or their common centre of gravity, will 
of necessity be the faews. of the come section described He 
shows, furthermore {J^rxncip i 1 ), that, in every case, the 
angular velocity with which the line joining their centres 
moves, must be inversely proportional to the square of their 
mutual distance, and that equal areas of the curves described 
will be swept over by their bne of junction in equal times 


* We refer for these f mdamenuJ proposition* as a point cl d it7 to the 
Immortal wotte In which they were first proponnfiei It 5a ImposaShlo for ws vo 
this Toltiine to go into these joTcsiie»tJona cren did our haiiCg permit It would 
bo utterly Inconsislenl with our plan a general idea, however, of their oonduct 
wHl he g Ten In the ne»t chapter We trust that the careful and attentive study 
«f the Principia fa «i» orlpmitJ /orm will never be laid aside whatever be the 
Improretnenta of the modem analysis as respects facility of catcniation and ex 
press ton From no other quarter can a thorough and complete comprehension 
of the mechanism of our system (»o far es the immediate scope of Chat work 
extends) be anylhiog Uke so well, and we may add, so easily obtained. 
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(447.) All this is m conformity with what we have stated 
of the solar and lunar movements. Their orbits are ellipses, 
but of different degrees of excentricity; and this circam' 
stance already indicates the general applicability of the 
principles in question. 

(448.) But here we have already, by a natural and ^ready 
implication (such is always the progress of generalization), 
taken a further and most important step, almost unperceived. 
We have extended the action of gravity to the case of the 
earth and sun, to a distance immeusely greater than that 
of the moon, and to a body apparently quite of a different 
nature than either. Are we justified in this? or, at all 
events, are there no modifications introduced by the change 
of data, if not into the general expression, at least into the 
particular interpretation, of the law of gravitation? Now, 
the moment we come to numbers, an obvious incongruity 
strikes us. "When we calculate, as above, from the known 
distance of the sun (art, 857), and from the period in which 
the earth circulates about it (art. 805), what must be the 
centrifugal force of the latter by which the sun's attraction 
13 balanced (and which, therefore, becomes an exact meas- 
ure of the son’s attractive energy as exerted oa the earih), 
we find it to be immensely greater than would sufiicn to 
counteract the earth’s attraction on an equal body nt that 
distance — greater in the high proportion of S54936 to 1. It 
is clear, then, that if the earth bo retaincil in its orbit almut 
the sun hj solar aitracthn, conformable in it<? rate of diminU' 
tion with the general Uw, this force must be no lc«s than 
354936 times more intense than what the earth would lie 
capable of exerting, cateris parihus, at an equal distance 

(449 ) What, then, are wo to understand from this result? 
Simply this — that the son attracts as a collection of 35^036 
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earths occupying iti place would do, or, in other wortla, 
that the sun contaioa 3o-i9S6 time'i the moss or (quantity of 
ponderable matter that the earth consiata of Kor let thia 
conclnrion Btartle ua We ha^o only to recall what haa 
been already shown in art S5S of the gigantic dmicnstoDs 
of thw magnificent body , to perceive that, in assigning to 
it eo vast a mass, we are not outstepping a reasonable pro 
portioa In fact, when wo come to compare ila tatw* with 
Its luU, wo find its density* to be less than that of the earth, 
being no more than 0 Zo-IS So that it must consist, in 
reality, of far lighter matcnals, especially when we consider 
the force under which its central parte must be condensed. 
This consideration renders it highly probable that an intcnso 
heat prevails in ite jntenor by which its elasticity is rein 
forced, and rendered capable of resisting this almost mcon 
ceitable pressarc witbont collapsing into smaller dimcnstona. 

(150 ) This will be more distinctly appreciated if we 
estimate, ns wo are now prepared to do the intensity of 
gravity at tho sun b surface 

The attrviUoa. ot a Uemg the Eatne (art, 445^ a* \L 

Its whole mass were collected in its centre will, of course, 
bo proportional to the mass directly and the square of tho 
distance inversely and in this cise the distance is the 
radius of the sphere Hence we conclude * that the inten 
Bitics of solar and terrestrial gravity at the surfaces of tho 
two globes are m the proportions of 27 9 to 1 A pound of 
terrestrial matter at the sun e surface, then, would exert 
ft pressure equal to what 27 9 such pounds would do at the 

* The dennity of a tnsterial body 1« aa the ma»i» dlreetly aod the volume In 

Temir hence density of Q denalty of ffi 1 0 J543 1 

• Solar gravity terrcetrial i 31 9 1 the respective radii of tbo 

snnand earth being 440000 and 4000 miles. 
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earth's The efficacy of muse alar power to overcome 
weight IS therefore proportionally nearly 28 tunes less on 
thesan than on the earth An ordinary man, for example, 
would not only be unable to sustain hia own weight on the 
8un, but would literally be crushed to atoms under the load ' 
(451 ) Henceforward, then, we must consent to dismiss 
all idea of the earth’s immobility, and transfer that attribute 
to the sun, whose ponderous mass is calculated to exhaust 
the feeble attractions of such comparative atoms as the 
earth and moon, without being perceptibly dragged from 
its place Their centre of gravity lies, as we have already 
bmted, almost close to" the centre of the solar globe, at an 
interval quite imperceptible from our distance; and whether 
we regard the earth’s orbit as being performed about the one 
or the other centre makes no appreciable difference in any 
one phenomenon of astronomy 

(452 ) It IS in consequence of the mutual gravitation of 
all the several parts of matter, which the Newtonian law 
supposes, that the earth and moon, while in the act of 
revolving, monthly, m their mutual orbits about their 
common centre of gravity, yet continue to circulate, with- 
out parting company, in a greater annual orbit round the 
sun "Wo may conceive this motion by connecting two un 
equal balls by a short stick, which, at tJieir cammon centre 
of gravity is snspended by a long stnng and made to gjrato 
conically round a point vertically below that of suspenaion. 
Their joint system will circulate as one pendulous mass 
about this imaginary centre, while yet they may go on 
circulating round each other m subordinate gyrations, as if 
the stick were quite free from any such tie, and merely 
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burled through the nir If the earth alone, and not the 
mooQ, gravitated to the sun, it ■nould he dragged away, 
and leave the moon behind — and tice imd, but, acting on 
both, they continue together under its attraction, just as 
the loose parts of the earth’s surface continue to rest npon 
vU It 13, then, in strictness, not the earth or the moon -which 
describes an ellipse around tho sun, but their common 
centre of gravity Ihe effect is to produce a small, but 
very perceptible, monthly equation in the sun s apparent 
motion as seen from the earth, which is always taken into 
account in calcnlating the sun s place Tho moon s actual 
path in its compound orbit round the earth and son is an 
epicycloidal curve intersecting the orbit of the earth twice 
in every lunar month, and alternately within and without 
it. But as there are not more than twelve such months m 
the year, and as the total departure of the moon from it 
either way does not exceed one 400th part of the radius, 
this amounts only to a slight undulation upon the earth s 
ellipse, so slight, indeed, that if drawn in true proportion 
on a large sheet of paper, no eye unaided by measurement 
with compasses would detect it The real orbit of the moon 
IS everywhere concave toward the sun 

(453 ) Here moreover, tern the attraction of the sun, we 
have the key to all those differences from an exact elliptio 
movement of the moon m her monthly orhit, which we have 
already noticed (arts 407, 409) viz to the retrograde revo 
Intion of her nodes, to the direct circnlation of the axis of 
her ellipse, and to all the other devrationa from the laws 
of elliptic motion at which we have further hmted If the 
moon simply revolved abont the earth under the influence 
of its gravity, none of these phenomena wonld take place 
Ita orbit would be a perfect ellipse, returning into itself, 
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and always lying in one and the same plane That it %s 
not 50, IS a proof that some cause dt$turls it, and interferes 
with the earth's attraction, and this cause is no other than 
the sun’s attraction — or rather, that part of it which is not 
equally exerted on the earth 

(idi ) Suppose two stones, side by side, or otherwise 
situated with respect to each other, to be let fall together 
then, as gravity accelerates them equally, they will retain 
their relative positions, and fall together as if they formed 
one mass Bat suppose gravity to be rather mote intensely 
exerted on one than the other, then would that one be 
rather more accelerated in its fall, and would gradually 
leave the other, and thus a relative motion between them 
would arise from the difference of action, however slight 
(455 ) The sun is about 400 times more remote than the 
moon, and in consequence, while the moon describes her 
monthly orbit round the earth, her distance from the bud 
13 alternately ,J,th part greater and as much Jess than the 
earth 8 Small as this is, it is yet sufficient to produce a 
perceptible excess of attractive tendency of the moon to 
ward the sun, above that of the earth when in the nearer 



point of her orbit, M, and a corresponding defect on the 
opposite part N , and, in the intermediate positions, not 
only will a difference of forces subsist, but a difference of 
directions also since however small the lunar orbit M N, it 
13 not a point and, therefore, the lines drawn from the sun 
S to Its several parts cannot be regarded as strictly parol 
lei If, ns we have already seen the force of the sun were 
equally exerted, and in parallel directions on both, no dis 
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tarbaoce of their relative sitaationa would take place, but 
from the noQ \crihc3tion of these conditions arises a dislurh 
iny force, oblique to the line joining the moon and earth, 
which in some situations acts to accelerate, in others to 
retard, her elliptic orbitual motion, in some to draw the 
earth from the moon, in others the moon from the earth 
Again, the lunar orbit, though very nearly, is yet not quite 
coincident with the plane of the ecliptic, and hence the 
action of the sun, which is very nearly parallel to the 
last mentioned plane, tends to draw her somewhat out of 
the plane of her orbit, and does actnally do so — producing 
the revolution of her nodes, and other phenomena less strik 
ing We are not yet prepared to go into the subject of 
these perturbations, as they are called, but they are intro 
duced to the reader e notice as early as possible for the 
purpose of reassuring hw mind, should donbts have arisen 
as to the logical correctness o£ our argument, in conse 
quence of our temporary neglect of them while working 
our way upward to the law of gravity from a general 
consideration of the moon’s orbit 


. CHAPTBK IX 

or THE SOLAR STSTEM 

Apparent tiotions of the Planets — Tbe r Stations and RetrofTsdat ons — The 
Sun the r Natural Centre of Uotion — Infenor Planets — The r Fbaaea 
Periods etc. — D mens ona and Form of iLeir Orb ta — Trw siia across 
tba Bun — Superior Planets — The r Distances Penoda etc — Kepler a 
Laws and their In^rpretat on — EU pt c Elements of a Planet a O b t 
— Its Hebocentr e and Geocentric Place— Em p r cat Law of Planeiafj 
D stances T olated in the Case of Neptune— The Aatero ds— Pbja cal 
Pec 1 ant cs Obaerrable in each of the Planets 

(46^ ) 7se sss and aw*?® are o&t tb-a -oolf ab 

jecta which appear to have a motion independent of that 
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by whicb the great coostellatioa of the heavens is daily 
earned round the earth Among the stars there are sev 
eral — and those among the brightest and most conspienouB 
— ^whicb when attentively watched from night to night, are 
foand to change their relatire sitnationa among the rest, 
some lapidJy others much more slowly These are called 
planets Four of them — ^Tenus Mars Jupiter and Saturn 
— are remarkably large and brilliant another, Mercury, la 
also visible to the naked eye as a large star, but for a 
reason which will presently appear, is seldom conspicuous 
a sixth Uranus is barely so discernible while the rest of 
which about fifty are already known and probably many 
more remain to be discovered are visible only tbrongh 
telescopes and with one exception (that of Keptune) can 
only be known among the multitude of minute st^rs those 
inatTuu ents reveal to us by watching them from night to 
night and attending to their changes of place All these 
have been discovered since the commencement of the cur 
rent century and forty five of them since 1844 A list of 
their names discoverers and the dates of their respecbve 
discovery will be found in the Appendix All of them 
but Keptune belong to a peculiar and very remarkable 
class or family of planets to which the ‘name of Asteroids 
has been ass gned 

(457 ) The apparent motions of the planets are much 
more irregular than those of the sun or moon Generally 
speaking and comparing their places at distant times they 
all advance though with \ery different average or mean 
telocities in the same direction as those luminanes » e in 
opposition to the apparent dinrnal motion or Itom west 

* One boly Vegls U ea d to boTO be«n onco Been bf Scbr5(er wlUt the 
naked e/e. 
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to cjiat all of them make the entire tour of the heiveni, 
tboogh under very different circumstances and alt of them, 
vritb the exception of certain among the telescopic planets, 
are confined in their visible paths within very narrow limits 
on either side the ecliptic, and perform their movements 
within that zone of the heavens we have called, above, 
the Zodiac (art 803) 

(4o8 ) The obrious conclusion from this is, that what 
c\er be, otherwise, the nature and law of their motions, 
they are performed nearly xn the plane of the ecliptic — that 
plane, namely, in which our own motion about the sun is 
performed Hence it follows, that we see their evolutions, 
not in plan, but in section, their real angular movements aud 
linear distances being all foreshortened and confounded in 
distingutsbably, while only their deviations from the eclip 
tic appear of their natural magnitude, undiminished by the 
effect of perspective 

(459) The apparent motions of the sun and moon, 
though not uniform, do not deviate very greatly from 
unifurraiiy, a moderate acceleration and retardation, ac 
countable for by the ellipticity of their orbits, being all 
that IS remarked But the case is widely different with 
the pUnets sometimes they advance rapidly, then relax 
in their apparent speed — come to a momentary stop, and 
then actually reverse their motion and run back upon 
their former course, with a rapidity at first increasing, 
then diminishing till the reversed or retrograde motion 
c aaea altogether Another station, or moment of apparent 
re^t or indecision now takes place after which the move 
m nt 13 again reversed, and resumes its onginal direct 
character On the whole however, the amonnt of direct 
motim more than compensates the retrograde, and by the 
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excess of the former over the latter, the gradual advance of 
the planet from west to east is maintained Thus, suppos 
jDg the Zodiac to be unfolded into a plane surface (or rep 
resented as in Mercator a projection, art 233 taking the 



ecliptic E 0 for its ground line), the track of a planet when 
mapped down by observation from day to day, will offer the 
appearance P Q E S etc the motion from P to Q being 
direct at Q stationary from Q to B retrograde at B again 
stationary from B to S direct and so on 

(480) In the midst of the irregnlanty and fiactnation 
of this motion one remarkable feature of uniformity is 
observed "Whenever the planet crosses the ecliptic, as at 
N in the figure it is said (like the moon) to be m its node 
and as the earth necessarily 1 es in the plane of the ecliptic, 
the planet cannot be apparently or uranographically situated 
in the celestial circle so called without being really and 
locally situated tn that plane The visible passage of a 
planet through its node then is a phenomenon indicative 
of a circumstance in its real motion quite independent of 
the station from which we view it Now it is easy to 
ascertain by observation when a planet passes irom the 
north to the south side of the ecliptic we have only to 
convert its right ascensions and declinations into longitudes 
and latitudes and the change from north to south latitude 
on two successive days will advertise us on what day the 
transition took place while a simple proportion grounded 
on the observed state of its motion tn latitude in the inter 
yal will suflice to fix the precise hour and minute of its 
arrival on the ecliptic Now this being done lor several 
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transitions Irom side to aide ol the ecliptic, and their dates 
thereby fixed, we find, uniiersally, that the internal of time 
elapsing bctiveen the succc'-sue passages of each planet 
through the same imh (whether it bo the ascending or the 
descending) is always alike, whether the planet at the mo 
meat of each passage be direct or retrograde, ewift or alow, 
in Its apparent movement 

(461 ) Here, then, we have a circumstance which, while 
it shows that the motions of the planets are in fact subject 
to certain laws and fixed penods, may lead us very natu 
rally to suspect that the apparent irregularities and com* 
plexities of their movements may be owing to our not see 
ing them from their natural centre (arts 338, 371,) and from 
our mixing up with their own proper motions movements of 
a parallactic kind, due ^o our own change of place, in virtue 
of the orbital motion of the earth about the sun 

(462 ) If we abandon the earth as a centre of the planet 
ary motions, it cannot admit of a moment’s hesitation where 
we should place that centre with the greatest probability of 
truth It must surely be the sun which, la entitled to the 
first trial, as a station to which to refer to them If it be 
not connected with them by any physical relation, it at least 
poasessea the advantage, whicb the earth does not, of com 
parative immobility But after what has been shown in 
art 449, of the immense mass of that luminary, and of the 
office It performs to us as a quiescent centre of our orbitunl 
motion, nothing can be more natural than to suppose it may 
perform the same to other globes which, like the earth may 
be revolving round it, and these globes may be visible to 
us by its light reflected from them as the moon is Now 
there are many facts w'hidh give a strong support to the 
idea that the planets are m this predicament 
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(463 ) In the first place, the planets really are great 
globes, of a size commensurate with the earth, and several 
of them much greater When examined through powerful 
telescopes, they are seen to be round bodies, of sensible 
and even of considerable apparent diameter, and offering 
distinct and characteristic peculiarities, which show them 
to be material masses, each possessing its individual strue 
ture and mechamsm, and ikai, m one instance at least, an 
exceedingly artificial and complex one (See the represen 
tations of Mars, Jupiter and Saturn, in Plate III ) That 
their distances from us are great, much greater than that 
of the moon, and some of them even greater than that of 
the BUn, we infer, Ist, from their being occulted by tho 
moon and 2dly, from the smallness of their dmrnal paral* 
lax, which, even for the nearest of them, when most favor* 
ably situated, does not exceed a few seconds and for tho 
remote ones is almost imperceptible From the comparison 
of the diurnal parallax of a celestial body, with its appar 
ent semi diameter, we can nt once estimate its real size For 
the parallax is, in fact, nothing else than the apparent Bemi- 
diameter of the earth as seen from the body in question (art. 
339 ef ) , and, the intervening distance being the same, 
tho real diameters must be to each other in the proportion 
of the apparent Ones Without going into particulars it 
will suQice to state it as a general result of that compari 
sou, that the planets are all of them ineofliparably smaller 
than the sun, but some of them as large as the earth, and 
others much greater 

(464 ) The next fact respecting them is, that their dis 
taneca from us, as estimated from the measurement of their 
angular diameters, are in a continual state of change ]Kn 
odically increasing and decreasing within certain limits, bat 
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by no means corresponding with the supposition of regular 
circular or elliptic orbits described by them about the earth 
as a centre or focus, but maintaining a constant and obrtooa 
relation to their apparent angular distances or elongations 
from the sun For example, the apparent diameter of ilars 
is greatest when in opposition (as it is called) to the snn, t e 
when in the opposite part of the ecliptic, or when it comes 
on the mendxan at midnight — being then about 18' — but 
diminishes rapidly from that amount to about 4', which is 
Its apparent diameter when in conjunction, or when seen 
lu nearly the same direction as that luminary This and 
facts of a similar character, observed with respect to the 
apparent diameters of the other planets clearly point out 
the sun as ba\ mg more than an accidental relation to their 
movements 

(400 ) Lastly, certain of the planets (Mercury, V euus ami 
Mars) when \ lewed through telescopes exhibit the appear 
auce of phases like those of the moon This proves that 
they are opaque bodies shining only by reflected light, 
which can be no other than that of the sun s not only 
because there is no other source of light external to them 
sujSciently powerful, but because the appearance and sue 
cession of the phases themselves are (like their visible 
diameters) mtunately connected with their elongations from 
the sun as will presently be shown 

(466 ) Accordingly it is found that when we refer the 
planetary movements to the sun as a centre all that ap 
parent irregularity which they ofier when viewed from the 
earth disappears -at once and resolves itself into one simple 
and general law of which the earth s motion as explained 
in a former chapter is only a partionlar case In order to 
show bow this happens let os take the case of a single 
AsraosouT— Tol SIX— It 
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planet, whicli we will suppose to revolve round the sun, in 
n plane nearly, bat not quite, coincident with the ecliptic, 
but passing through the sun, and of course intersecting the 
ecliptic in a fixed line, which is the line of the planet’s 
nodes. This line const of course divide its orbit into two 
segments; and it is evident that, so long as the oircum* 
stances of the placet’s motion remain otherwise unchanged, 
the times of describing these segments must remain the 
same. The interval, then, between the planet’s quitting 
either node, and returning to the same node again, must be 
that in which it describes one complete revolution round 
the sun, or its penodic time; and thus we are furnished 
with a direct method of ascertaining the periodic time of 
each planet. 

(467.) We have said (art. 467) that the planets make 
the entire tour of the heavens under very different circum- 
stances. This must be explained. Two of them — ^Mercury 
and Venus — perform this circuit evidently as attendants 
upon the Bun, from whose vicinity they never depart be- 
yond a certain limit. They ate seen sometimes to the east, 
sometimes to the west of it. In the former case they appear 
conspicuous over the western horizon, just after sunset, apd 
are called evening stars; Venus, especially, appears occa- 
sionally in this situation with a dazzling lustre, and in 
favorable circumstances may be obseri'ed to cast a pretty 
strong shadow.* "When they happen to be to the west of 
the sun, they rise before that luminary in the morning, and 
appear over the eastern horizon as morning stars they do 
not, however, attain the same elongation from the son. 


• It moat 1)6 thrown upon a white irround An open window m a white 
washed room le the heat eipoaore In this aituation I hare ohserred not only 
the shadow, Ibut the diffracted frfnf^es edging its outline — n NoU fei ffte «rf» 
Won of 1833 Venus may olten be seen with the naked eye in the daytime. 



OhTUyES or AbTROSOilY 


887 


Morcnry neter attains a greater angular distance from it 
than about 29®, while Venus extends her excursions on 
either side to about 47®. "When they have receded from 
the sun, eastward, to their respective distances, they remain 
for a time, as it were, immovable ^ath respect to tt, and are 
earned along with it in the ecliptic with n motion equal to 
ita own, but presently they begin to approach it, or, which 
cornea to the same, tbeir motion in longitnde diminishes, 
and the aun gains upon them As this approach goes on, 
their continuance above the honzon after sunset becomes 
daily shorter, till at length they set before the darkness has 
become sufhcient to allow of tbeir being seen For a lime, 
then, they are not seen at all, unless on very rare occasions, 
when they are to be observed passiTig across the sun a disTc 
as small, round, well defined hlacl, spots totally different in 
appearance from the solar spots (art 886) These pbenom 
ena are emphatically called transits of the respective planets 
across the son, and take place when the earth happens to 
be passing the Ime of their nodes while they are in that 
part of their orbits, ]u8t as in the account we have given 
(art 412) of a solar eclipse After having thus continued 
invisible for a time, however, they begin to appear on the 
other side of the sun at first showing themselves only for 
a few minutes before sunrise, and gradually longer and 
longer as they recede from him At this time their motion 
in longitude la rapidly retrograde Before they attain their 
greatest elongation, however, they become stationary m the 
heavens, but their recess from the sun is still maintained 
by the advance of that luminary along the ecliptic, which 
continues to leave them behind, until, having reversed 
their motion, and become again direct, they acquire suifi 
cient speed to commence overtaking him — at which moment 
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they have their greatest western elongation; and thus is a 
kind of oscillatory movement kept up, while the general 
advance along the ecliptic goes on 

(468 ) Suppose P Q to be the ecliptic, and A B 0 I) the 
orbit of one of these planets (for instance, Mercury), seen 
almost edgewise by an eye situated very nearly in its plane, 
S, the sun, ita centre; and A, B, C, D successive positions 
of the planet, of which B and D are in the nodes If, then, 
the 8un S stood apparently still in the ecliptic, the planets 
would simply appear to oscillate backward and forward 
from A to 0, alternately passing before and behind the 
eon, and, if the eye happened to he exactly in the plane 
of the orbit, transiting his disk in the former case, and 
being covered by it m the latter But as the sun la not so 



stationary, but apparently earned along the ecliptic P Q, 
let It be supposed to move over the spaces S T, T TJ, U V, 
while the planet in each case executes one quarter of its 
period Then will its orbit be apparently earned along 
with the sun, into the successive positions represented in 
the figure, and ^7hlIa its real motion round the sun brings 
it into the respective points, B, 0, D, A, its apparent move- 
ment in the heavens will seem to itave been along the wavy 
or zigzag line A N H K In this, its motion in longitude 
will have been direct in the parts A N, N H, and retrograde 
in the parts II n K, while at the turns of the Zigzag, as at 
H, It will have been stationarj 

) The only two planets — ^ilcrcury and Venus— 
whose evolutions are such as above described, are called 
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infcnor planets, thoir points of furthest recess from tho sun 
are called (as above) their greatest eastern and western elon 
gaitons; and their points of nearest approach to it, their 
tn/cnor and superior conjunctions — tho former when tho 
planet passes between tho earth and the sun, tho latter 
when behind the snn 

(470 ) In art 467 we have traced the apparent path of 
an inferior planet, by considenng its orbit in section, or 
as Mewed from a point in the plane of the ecliptic Let 
ns now contemplate it in plan, or as viewed from a station 
above that plane, and projected on it Suppose then, S 
to represent the sun, abed the orbit 
of Mercury, and A B C D a part of 
that of the earth — the direction of the 
circulation being the same in both, viz 
that of the arrow When the planet 
stands at a, let the earth be situated at 
A, in the direction of a tangent, a A, to its orbit, then it is 
evident that it will appear at its greatest elongation from 
the sun — the angle a A S, which measures their apparent 
interval as seen from A, being then greater than in any 
other sitnation of a upon its own circle 

(471 ) Now, this angle being known by observation, we 
are hereby furnished with a ready means of ascertaining, 
at least approximately, the distance of the planet from the 
sun, or the radius of its orbit, supposed a circle hor the 
tnangle S A n is right angled at n, and consequently we 
have S a S A sin S A a radius, by which proportion 
the radii S a, S A of the two orbits are directly compared 
If the orbits were both exact circles, this would of coarse 
be a perfectly rigorous mode of proceeding but (as is 
proved by the inequality of the resulting values of S a ob 
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tamed at different times) this is not the case, and it becomes 
necessary to admit an excentneity of position, and a devia 
tion from the exact circular form in both orbits, to account 
for this diSerence Neglecting, however, at present this 
inequality, a mean or average value of S ct may, at least, 
be obtained from the frequent repetition of this process m 
all varieties of situation of the two bodies The calculations 
being performed, it is concluded that the mean distance of 
Mercury from the sun is about 36000000 miles, and that 
of Venus, similarly derived, about 68000000, the radius of 
the earth s orbit being 95000000 

(472 ) The sidereal periods of the planets may be ob 
tamed (as before observed) with a considerable approach 
to accuracy, by observing their passages through the nodes 
of their orbits, and indeed, when a certain very minute 
motion of these nodes and the apsides of their orbits (si radar 
to that of the moon’s nodes and apsides, but incomparably 
slower) IS allowed for, with a precision only limited by the 
imperfection of the appropriate observations By such ob 
servation, so corrected it appears that the sidereal penod 
of Mercury is 87* 23'“ 16" 43 9* and that of Venus 224* 
16^ 49” S'O* These periods however, are widely different 
from the intervals at which the successive appearances of 
the two planets at their eastern and western elongations 
from the sun are observed to happen Mercury is seen at 
its greatest splendor as an evening star, at average intervals 
of about 116, and Venus at intervals of about 684 days The 
difference between the atdgrenl and synodical revolutions (art 
418) accounts for this Referring again to the figure of art 
470 if the earth stood still at A while the planet advanced 
in Its orbit tl e lapse of a sidereal period, which should 
bring it round again to o, would also produce a similar 
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elongation Irom the sun Bnt, mean-while, the earth has 
advanced m its orbit in the same direction toiiard E, and 
therefore the next greatest elongation on the same side of 
the sun will happen — not m the position o A of the two 
bodies, but in some more advanced position, e E The 
determination of this position depends on a calculation 
exactly similar to -what has been explained in the article 
referred to, and we need, therefore, only hero state the 
resulting synodical revolutions of the two planets, -which 
come out respectively 116 877*, and 683 920* 

(473 ) In this interval, the planet will have described a 
whole revolution plus the arc ace, and the earth only the 
arc ACE of its orbit Donng its lapse, the in/enor coti 
junciton will happen when the earth has a certain inter 
mediate situation, B, and the planet has reached 6, a point 
between the sun and earth The greatest elongation on the 
opposite side of the sun will happen when the earth has 
come to C, and the planet to c, where the line of junction 
0 c IS a tangent to the interior circle on the opposite side 
from M Lastly, the superior conjunction will happen when 
the earth arrives at D, and the planet at d in the same line 
prolonged on the other side of the sun The intervals at 
which these phenomena happen may easily be computed 
from a knowledge of the synodical periods and the radii 
of the orbits 

(474 ) The circumferences of circles are in the proportion 
of their radii If, then, we calculate the circumferences of 
the orbits of Mercury and V enus, and the earth, and com 
pate them with the times in which their revolutions are 
performed, we shall find that the actual velocities with 
which they move m their orbits differ greatly, that of 
Mercury being about 109360 miles per hour, of ‘Venus 
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80000, nnd of Oic cnrtl» CSO^IO IVom tins it follows, that 
nl tlie inferior tonjunction, or at I titbcr phnot is moving 
in the <rtnie direction as the earth, but tMtb a greater teloc 
ity, It wiH, therefore, leave the earth Ae/nrtr/ it, and tho 
apparent motion of tin planet \icwetl from the earth, will 
bi. as 1 / the phnet stood still, and the earth mo%cd in a 
contrary direction from what it really docs In this situa' 
tion, then, tho apparent motion of tho planet mast ho eon 
trary to the njiparcnt motion of tho sun, and, therefore, 
retrograde On the other hand, at tho supenor conjunc 
tion, the real motion of tho planet being in tho opposite 
direction to that of tho earth, tho relative motion will bo 
the same ns if tho planet stood still, and the earth advanced 
with their united velocities in its own projicr direction In 
this situation, then, tho apparent motion will bo direct 
Both these results are m accordance with observed fact 
(47C ) Tho stationary points may be determined by the 
following considomtion At a or c, tho points of greatest 
clongnttoo, the motion of the planet is directly to or from 
the earth, or alonj their line of junction, while that of the 
earth is nearly ptrpendicular to it Hero, then, the appar 
cut motion must bo direct. At h, tho inferior conjunction, 
we have seen that it must be retrograde, owing to the 
planet's motion (which is there, as well as tho earth's, per 
jiendtcular to tho line of junction) surpaesing the earth's 
Hence, tho stationary points ought to lie, as it is found 
by observation they do, between a and b, or c and b, viz 
in such a position that the obliquity of the planet's motion 
with respect to the line of junction shall just compensate 
for the excess of its velocity, and cause an equal advance 
of each extremity of that line, by the motion of the planet 
at one end, and of the earth at the other so that, for an 
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ipstant of time, tbe *whoie lioe sliail move parallel to itself. 
The questioQ thus proposed is purely geometrical, and its 
solution on the supposition of circular orbits is easy. Let 
B e and P p represent small arcs of the orbits of the earth 
and planet described contemporaneously, at the moment 
when the latter appears stationary, about S, the sun. Pro- 



duce p P and e E, tangents at P and E. to meet at R, and 
prolong E P backward to Q, join e p Then since P E, 
p e are parallel we have by similar triangles P p i E e : : 
P R : B E, and since, patting v and V for the respective 
velocities of the planet and the earth, P p : E c . : w ; V; 
therefore 

v:V::PR.RE::8in PER. sin. E P B 
; ; cos SEP: cos. S P Q 
: ; cos. SEP; cos. (S B P *(- E S P) 
because the angles S E R and S P R are right angles 
Moreover, if r and R be the radii of the respective orbits, 
we have also 

r:R::sin S E P : sin. (S E P-f-E S P) 
from which two relations it is easy to deduce the values 
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of tlie two angles SEP and ESP, the former of which 
19 the apparent elongation of the planet from the aun,' the 
latter the (li0erence of heliocentric longitudes of the earth 
and planet 

(476 ) When we regard the orbits as other than circles 
(which they really are), the problem becomes somewhat 
complex — too much so to be here entered upon. It will 
Bufiice to state the results which experience verifies, and 
which assign the stationary points of Mercury at from 
16” to 20® of elongation from the sun, according to cir* 
cunistances, and of Tenus, at an elongation never varying 
much from 29“ The former continues to retrograde during 
about 22 days, the latter, ^bout 42 

(477) We have said that some of the planets exhibit 
phases like the moon This is the case with both Mercury 
and Venus, and is readily explained by a consideration of 
their orbits, such as we have above supposed them In 



fact, it requires little more 
than mere inspection of the 
figure annexed, to show, 
that to a spectator situated 
on the earth E, an inferior 
planet, illuminated by the 
sun, and therefore bright 


on the side next to him, and dark on that turned from 


him, will appear full at the superior conjunction A; 
gibbous (jie more than half full, like the moon between 
the first and second quarter) between that point and the 
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points B 0 of Its greatest elongation, half mooned at these 
points, and crescent shaped, or homed, between these and 
the inferior conjnnction D. As it approaches this point, 
the crescent ought to thin o2 till it vanishes altogether, 
rendering the planet invisible, unless in those cases where 
it transits the sun's disk, and appears on it as a black 
spot All these phenomena are exactly conformable to 
observation 

(478) Theianation in brightness of Venus in different 
parts of Its apparent orbit is very remarkable This arises 
from two causes 1st the varying proportion of its visible 
illuminated area to its whole disk, and, 2dly, the varying 
angular diameter, or v hole apparent magnitude of the disk 
itself As it approaches its inferior conjunction from its 
greater elongation, the half moon becomes a crescent, which 
t^ins off, but this is more than compensated, for some time, 
by the increasing apparent magnitude, in consequence of its 
diminishing distance Thus the total light received from 
it goes on increasing, till at length it attains a maximum, 
which takes place when the planet s elongation is about 40" 

(479 ) The transits of Venus are of very rare occurrence, 
taking place alternately at the very unequal but regularly 
recurring intervals of 8, 122, 8 105 8, 122, etc , years in 
succession and always in June or December As astro 
nomical pbenomena, they are extremely important, since 
they afford the best and moat exact means we possess of 
ascertaining the sun’s distance, or its parallax "Witbont 
going into the niceties of calculation of this problem, 
which, owing to the great multitude of circumstances to 
be attended to, are extremely intricate, we shall here ex 
plain Its principle, wfiich, in the abstract, is very simple 
and obvious Let E be the earth, V Venus, and S the ^ 
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sun, and 0 D tlie portion of Venus’s relative orbit which 
she describes while m the act of transiting the sun's disk. 
Suppose A B two spectators at opposite extremities of that 
diameter of the earth which is perpendicular to the ecliptic, 
and, to avoid complicating tho case, let us lay out of con 
sideration the earth’s rotation, and suppose A, B, to retain 
that situation during the whole time of the transit Then* 
at any moment when the spectator at A sees the centre of 
Venus projected at a on the sun’s disk, he at B will see 
It projected at h If then one or other spectator could sud- 
denly transport himself from A to B, he would see Venus 
suddenly displaced on the disk from a to and if he had 
any means of noting accurately the place ol the points on 



the disk, either by micrometrical measures from its edge, 
or by other means, he might ascertain the angular measure 
of a f) as seen from the earth Now, since A V a, B V 6, 
are straight lines, and therefore make equal angles on each 
side V, a 5 will be to A B as the distance of Venus from 
the sun is to its distance from the earth, or as 63 to 27, or 
nearly as 2} to 1, a & therefore occapies on the snn’s disk 
a space 2j times as great as the earth’s diameter, and its 
angular measure is therefore equal to about 2i times the 
earth's apparent diameter at the distance of the sun, or 
(which IS the same thing) to five times the sun’s horizontal 
parallax (ark 298) Any error, therefore, which may he 
committed in measuring a h, wi\l entail only one Ji/Ot of 
that error on the horizontal parallax concluded from it 
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(480 ) Tho Ihvng to "be nsceita\netl, therefore, is, in fact, 
neither more nor lc«s than the breadth of the zone P Q R S, 
j9 5 r included between the extreme apparent paths of the 
centre of Yen us acro'^s the sun’s disk, from its entry on one 
Bide to Its quitting it on the other The whole business of 
the observers at A, B, therefore, resolves itself into this, 
~to ascertain, with all po«flihlo care and precision, each at 
his own station, this path — ^where it enters, where it quits, 
and what segment of the sun’s disk it cuts off Now, one 
of the most exact ways in which (conjoined with careful 
micrometnc me-isures) this can be done, is by noting the 
time occupied in the whole transit for the relative angular 
motion of Yenus being, in fact, very precisely known from 
the tables of ber motion, and the apparent path being very 
nearly a straight line, these times give us a measure (on a 
icry enlarged scale) of the lengths of the chords of the seg 
ments cut off, and the sun s diameter being known also 
with great precision, their versed sines, and therefore their 
difference, or the breadth of the zone required, becomes 
known To obtain these times correctly, each observer 
must ascertain the instants of ingress and egress of the 
centre To do this, he must note, 1st, the instant when 
the first visible impression or notch on the edge of the 
disk at P 13 produced, or the first external contact, 2dly, 
when the planet is just wholly immersed, and the broken 
edge of the disk just closes again at Q or the first internal 
contact, and, lastly, he most make the same observations at 
the egress at B S The mean of the internal and external 
contacts, corrected for the curvature of the sun’s limb in 
the intervals of the respective points of contact, internal 
and external, gives the entry and egress of the planet’s 
centre 
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(•181 ) The modifications introduced into this process by 
tlio earth’s rotation on Us axis, and by other geographical 
stationn of the obsen ere thereon than hero supposed, are 
aimdar in Ihojr principles to those ivbieh enter into the 
calculation of a solar eclipse, or the occultation of a star 
by tho moon, only more refined Any consideration of 
thorn, however, hero, would lead us too far, but in tho 
MGW wo ha\o taken of tho subject, it aHords an ad mtrablo 
CTainpIo of tho way in which minute elements in astronomy 
mnj become mngniOcd in their cITccta, and, by being mndo 
subject to mcaanromont on a greatly enlarged scale, or by 
substituting tho measure of time for space, may bo ascer 
tamed with a degree of precision adequate to every purpose, 
by only watching fa\oniblo opportunities, and taking ad 
vantago of nicely adjusted combinations of circumstance 
So important has this observation appeared to astronomers, 
that at tho last transit of Venus, in 1769, CTpeditions were 
fitted out on tho most efficient scale, by the Bnkish, French, 
Eussian, and other goternmenla, to the remotest corners of 
tho globe, tor the express purpose of performing it The 
celebrated expedition of Captain Cook to Otaheite was ono 
of them The general result of all the observations made 
on this most memorable occasion gives 8*6776 for the sun’s 
horizontal parallax The next two occurrences of this phe 
nomenon will happen on December 8 1874 and December 
6, 1682 [See Note F, § 857 A A J 

(482 ) The orbit of Mercury is very elliptical, the ex 
centricity being nearly one fourth of the mean distance 
This appears from the inequality of the greatest elongations 
from the sun, as observed at different times and which vary 
between the hmits 16® 12 and 28® 48 , and, from exact meas 
urea of such elongations, it is not difficult to show that the 
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orbit of Vcntia als>o is ehglitly cxcentnc, and that both these 
planets, m fact, describe ellipses, havxng the sun m their 
common focus 

(483 ) Transits of Mercury over the sun's disk occasion 
ally occur, ns in the case of Yenus, but more frequently, 
those at the I'lccndin » node in November, at the descending 
ID ifay The intervals (coosideriDg each node separately) 
ore usually either 13 or 7 years, and in the order IS, 13, 
18, 7, etc , bnt owing to the considerable inclination of tho 
orbit of ifercury to the ecliptic this cannot be taken ns 
an exact expression of the said recurrence and it requires 
a period of at least 217 years to bnng round the transits in 
regular order One will occur in the present year (1848), 
the next id 1861 They are of much less astronomical ira 
portance than that of Venus on account of the proximity 
of Mercury to the sun, which affords a much less favorable 
combination for the determination of the sun s parallax 

(484 ) Let us now consider the superior plauets, or those 
whose orbits inclose ou all sides that of the earth That 
they do so is proved by several circumstances — 1st, They 
are not like the inferior planets, confined to certain limits 
of elongation from the sun, bnt appear at all distances from 
it oven in the opposite quarter of the heavens or, os it is 
called, in opposition, which could not happen, did not the 
earth at such times place itself between them and the sun 
2(lly, They never appear horned like Yenus or Mercury, 
nor even semilunar Those, on the contrary which, from 
the minntene«« of iheir parallax we conclude to be tho 
most distant from ns viz Jupiter, Saturn Uranus and 
ISeptune, never appear otherwise than round a sufficient 
proof of Itself that we see them always in ^.direction not 
very remote from that in which the suns rays illuminate 
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them, and that, therefore, we occupy a station which is 
never very widely removed from the centre of their orbits, 
or, in other words, thit the earth’s orbit is entirely inclosed 
within theirs, and of comparatively small diameter One 
only of them, Mars exhibits any perceptible phase and m 
its deficiency from a circular outline, never surpasses a 
moderately gibbous appearance — the enlightened portion of 
the disk being never less than seven eighths of the whole 
To understand this, we need only cast oar 
eyes on the annexed figure, in which E is 
the earth, at its apparent greatest elongation 
from the sun S, as seen from Mars M In 
this position, the angle S M E included 
between the lines S M and E M, is at its 
maximum, and therefore, in this state of 
things, a spectator on the earth is enabled 
to see a greater portion of the dark bemi 
sphere of Mars than in any other situation 
The extent of the phase, then, or greatest 
observable degree of gibbosity, affords a measure — a sure, 
althoagh a coarse and rade one — of the angle S M E and 
therefore of the proportion of the distance S M, of Mars, 
to S E, that of the earth from the sun, by which it appears 
that the diameter of the orbit of Mars cannot be less than ZJ 
times that of the earth’s The phases of Jupiter, Saturn, 
ITranus and Neptune, being imperceptible it follows that 
their orbits must include not only that of the earth, but of 
Mars also 

(485) All the superior planets are retrograde m their 
apparent motions when in opposition and for some time 
before and after, bat they differ greatly from each other, 
both in the extent of their arc of retrogradation, in the 
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daratlon o£ their retrograde moyement, aod id its rapidity 
when swiftest. It is more extensive and rapid in the case 
of Kars than of Jupiter, of Jupiter than of Saturn, of that 
planet than of Uranus, and of Uranus again than Neptune. 
The angular velocity with which a planet appears to letro* 
grade is easily ascertained by observing its apparent place 
ill the heavens from day to day; and from such observa- 
tions, made about the time of opposition, it is easy to con- 
clude the relative magmtudes of their orbits, as compared 
with the earth’s, supposing their periodical times known. 
For, from these, their mean angular velocities arc known 
also, being inversely as the times. Suppose, then, E e to 
be a very small portion of the earth's orbit, and M m a cor- 
responding portion of that of a superior planet, descnbed 



on the day of opposition, about the sun S, on which day 
the three bodies he in one straight line S E M X Then 
the angles E S c and M S m are given. Now, it em be 
joined and prolonged to meet S M continued m X, the 
angle e X E, which la equal to the alternate angle X e Y, 
is evidently the retrogradation of Mara on that day, and 
is, therefore, also given. E e, therefore, and the angle EXe, 
bein" given in the right angled triangle E e X, the side 
E X 13 easily calculated, and thus S X becomes known. 
Consequently, in the triangle S m X, we have given the 
Bide S X and the two angles tn S X, and m X S, whence 
the other sides, S m, m X, are easily determined. Now, 
S m is no other than the radius of the orbit of the superior 
planet required, which in this calculation is supposed cir- 
cular, as well as that of the earth; a supposition not exact, 
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but safficzently so to afford a satisfactory approximation to 
the dimensions of its orbit, and which, if the process be 
often repeated, in every variety of situation at which the 
opposition can occnr, will ultimately afford an average or 
mean value of its diameter fully to be depended upon 
(486 ) To apply this principle, however, to practice, it is 
necessary to know the periodic times of the several planets 
These may be obtained directly, as has been already stated, 
by observing the intervals of their passages through the 
ecliptic, but, owing to the very small inclination of the 
orbits of some of them to its plane, they cross it so obliquely 
that the precise moment of their arrival on it is not ascer 
tamable, unless by very nice observations A better method 
consists in determining from the observations of several 
successive days, the exact moments of their arriving in 
opposition with the sun, the criterion of which is a differ 
ence of longitudes between the sun and planet of exactly 
180“ The interval between successive oppositions thus 
obtained is nearly one synodical period, and would be ex 
actly BO, were the planet s orbit and that of the ^arth both 
circles, and uniformly described, but as that is found not 
to be the case (and the criterion is, the inequality of sue 
cesaive synodical revolutions so observed) the average of 
a great number, taken in all varieties of situation in which 
the oppositions occur, will be freed from the elliptic in 
equality, and may be taken as a mean synodical period 
From this, by the considerations and by the process of cal 
culation, indicated (art 418) the sidereal periods are readily 
obtained The accuracy of this determination wilJ, of couree, 
be greatly increased by embracing a long interval between 
the extreme observations employed In point ol fact that 
interval extends to nearly 2000 years in the cases of the 
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planets known to tbc ancients, who have recorded their 
observations of them in a manner snfScientlj careful to be 
made use of Their periods may, therefore, be regarded as 
ascertained with the utmost exactness Their numerical 
values will be found stated, as well as the mean distances, 
and all the other elements of the planetary orbits, in the 
synoptic table at the end of the volume, to which (to avoid 
repetition) the reader is once for all referred 

(487 ) In casting onr eyes down the list of the planetary 
distances, and comparing them with the penodie times, we 
cannot but be struck with a certain correspondence The 
greater the distance, or the larger the orbit, evidently the 
longer the penod The order of the planets, beginning from 
the sun, is the same, whether we arrange them according to 
their distances, or to the time they occupy m completing 
their revolutions, and is as follows — Mercury, Venus, 
Earth, Mats, the recently discovered family of Asteroids, 
Jnpiter, Saturn, Uranus, and Neptune Nevertheless, when 
we come to examine the numbers expressing them, we find 
that the relation between the two senes is not that of simple 
proportional increase The penods increase more than in 
proportion to the distances Thus, the period of Mercury 
13 about 88 days, and that of the Earth S65 — being in pro 
portion as 1 to 4 16, while their distances are in the less 
proportion of 1 to 2 56, and a similar remark holds good 
in every instance Still, the ratio of increase of the times 
IS not 80 rapid as that of the squares of the distances The 
square of 2 66 is 6 65S6, which is considerably greater than 
4 16 An intermediate rate of increase, between the simple 
proportion of the distances and that of their squares is there 
fore clearly pointed out by the sequence of the numbers, 
but it required no ordinary penetration in the illustrious 
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Kepler, backed b/ nacommon perserreraace and indastrj, 
at a period when the data themselves were involved in 
obscurity, and when the processes of trigonometry and of 
ttumencal calculation were encumbered with difficulties, 
of which the more recent invention of loganthmic tables 
has happily left us no conception, to perceive and demon 
strate the real law of their connection This connection 
13 expressed in the following proposition — “The squares 
of the periodic times of any two planets are to each other, 
in the same proportion as the cubes of their mean distances 
from the sun “ Take, for example, the Earth and Mars,* 
whose periods are in the proportion of 3652564 to 6869706, 
and whose distance from the snn is that of 100000 to 162369, 
and it will be found, by any one who will take the trouble 
to go through the calculation, that — 

(3652564)* (6869796)* (100000)* (162369)* 

(488 ) Of all the laws to which induction from pure 
observation has ever conducted man, this ihtrd Jaw (aa it 
is called) o/ Kepler may justly be regarded as the most 
remarkable, asd the most pregnant with importsnt conso' 
qaences When we contemplate the constituents of the 
planetary system from the point of view which this reja* 
tion affords us, it is no longer mere analogy which strikes 
as^no longer a general resemblance among them, as indi- 
viduals independent of each other, and circulating about 
the sun, each according to its own peculiar nature, and 
connected with it by its own peculiar tie The resem- 
blance IS now perceived to bo a true famtly likeness, they 
are bound up in one chain — ^interwoiea in one web of 

* Tho express oa of It Is lnw of Kepler requires » slight modiflcfttion tthca 
vro come to the exlreme ojcelj ot numeriesl calculsl on, for the grentor placets, 
due to the inU looce of their mosses. This correcUoa Is in percept! hi a for the 
Sarth «Qd ifsrs. 
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inatual relation and harmonious agreement — subjected to 
one pervading influerice, which e’vtends from the centre 
to the furthest limits of that great system, of which all 
of them, the earth included, must henceforth be regarded 
as members 

(489 ) The laws of elliptic motion about the sun as a 
focus, and of the equable description of areas by lines 
joining the sun and planets, were originally established 
by Kepler, from a consideration of the observed motions 
of Mars, and were by him extended, analogically, to all 
the other planets However precarious such an extension 
might then have appeared, modern astronomy has com 
pletely verified it as a matter of fact, by the general co 
incidence of its results with entire senes of observations 
of the apparent places of the planets These are found 
to accord satisfactonly with the assumption of a particular 
ellipse for each planet, whose magnitude, degree of excen 
tricity, and eitnation in space, are numerically assigned in 
the synoptic table before referred to It is true, that when 
observations are earned to a high degree of precision, and 
when each planet is traced through many successive revo 
Intions, and its history earned back, by the aid of calcula 
tions founded on these data, for many centuries, we learn 
to regard the laws of Kepler as only ylrst approximations to 
the much more complicated ones which actually prevail, 
and that to bnng remote observations into ngorous and 
mathematical accordance with each other, and at the* same 
time to retain the extremely convenient nomenclature and 
relations of the ELniPTlo ststem, it becomes necessary to 
modify, to a certain extent, oar verbal expression of the 
Jaws, eitd ia ivgare! the aaat^tcsl dsts ar 
of the planetary orbits as not absolutely permanent, but 
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subject to a series of extremely slow and almost impercep 
tible changes. These changes may be neglected when we 
consider only a few revolutions; but going on from century 
to century, and continually accumulating, they at length 
produce material departures in the orbits from their original 
state Their explanation will form the subject of .a subse- 
quent chapter, but for the present we must lay them oBt 
of consideration, as of an order too minute to affect the 
general conclnsions with which we are now concerned. By 
what means astronomers are enabled to compare the results 
of the elliptic theory with observation, and thus satisfy 
themselves of its accordance with nature, will be explained 
presently. 

(490.) It will first, however, be proper to point out what 
particular theoretical conclusion ia involved in each of the 
three laws of Kepler, considered as satisfactorily established 
— what indication each of them, separately, affords of the 
mechanical forces prevalent in our system, and the mode 
in which its parts are connected — and how, when thus con- 
sidered, they constitute the basis on which the Newtonian 
explanation of the mechanism of the heavens is mainly sup- 
ported, To begin with the first law, that of the equable de- 
ficriptiou of areas. — Since the planets move in curvilinear 
paths, they mtut (if they be bodies obeying the laws of 
dynamics) be deflected from their otherwise natural reefi- 
Knear progress iy force. And from this law, taken as a 
matter of observed fact, it follows, that the direction of such 
force, at every point of the orbit of each planet, always 
poisci throvgh Ihe sun. No matter from what ultimate 
cause the power v.hich is called graWtation originates— be 
it a virtue lodged m the sun ns its receptacle, or bo it 
pressure from without, or the resultant of many pressures 
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or flohcitations of unknown fluids, magnetic or electric 
ethers, or impulses — still, when finally brought under our 
contemplation, and summed up into a single resultant en 
ergy — its direction \s,from every point on all sides totcard 
the aun'« centre As an abstract dynamical proposition, the 
reader will find it demonstrated bj Newton, m the first 
proposition of the Principia, with an elementary simplicity 
to which we really could add nothing but obscurity by am 
plification, that any body, ui^ed toward a certain central 
point by a force continually directed thereto, and thereby 
deflected into a curvilinear path, will describe about that 
centre equal areas in equal times, and vice versd that such 
equable description of areas is itself the essential entenon 
of a continual direction of the acting force toward the 
centre to which this character belongs The first law of 
Kepler, then, gives us no information as to the nature 
or intensity of the force urging the planets to the sun, the 
only conclusion it involves is, that it does so urge them 
It 18 a property of orbital rotation under the influence of 
central forces generally and, as such we daily see it exem 
plifled in a thousand familiar instances A simple expen 
mental illustration of it is to tie a bullet to a thm stnng, 
and, having whirled it round with a moderate velocity in 
a vertical plane, to draw the end of the string through a 
small nng, or allow it to coil itself round the finger, or 
round a cylindrical rod held very firmly in a horizontal 
position The bullet will then approach the centre of 
motiou ID a spiral line, and the increase of its angular 
velocity, and the rapid diminution of its periodic time when 
near the centre, will express, more clearly than any words, 
the compensation by which its uniform description of areas 
13 maintained under a constantly diminishing distance If 
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the motion be reversed, and the thread allowed to uncoil, 
beginning -with a rapid impulse the angular velocity will 
dimmish by the same degrees as it before increased The 
increasing rapidity of a dancer s piraueUe^ as he draws m 
his limbs and straightens his whole person, so as to bring 
eveiy part of his frame as near as possible to the axis 
of hi8 motion is another instance where the connection of 
the observed effect with the central force exerted, though 
equally real is much less obvious 

(491 ) The second law of Kepler, or that which asserts 
that the planets describe ellipses about the sun as their 
focus involves, as a consequence, the law of solar gravi 
tation (so be it allowed to call the force, whatever it be, 
which urges them toward the sun) as exerted on each in 
dividual planet, apart from all connection with the rest A 
straight line dynamically speaking, is the only path which 
can be pursued hy a body ahsoluiely free^ and under the ac 
tion of 710 external force All defieciion into a curve is cvi 
dence of the exertion of a force, and the greater the defleo 
tioa in equal times, the more intense the force Deflection 
from a straight line is only another word for curvature of 
path, and as a circle is characterized by the uniformity 
of its curvatures in all its parts — ^so is every other curve 
(as an ellipse) charaotenzcd by the particular law which 
regulates the increase and diminution of its curvature as 
we advance along its circumference The deflecting force, 
then which continually bends a moving body into a cnrvo, 
may be ascertained provided its direction, in the first place, 
and, secondly the law of curvature of the curve itself, be 
known Both these enter as elements into the expression 
of the force A body may describe for instance, an ellipse, 
under a groat variety of dispositions of the acting forces it 
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may glide along it, for example, as a bead upon a polished 
wire, bent into an elliptic form, la which case the acting 
force 18 always perpendicular to the wire, and the vclocitj 
IS uniform In this case the force is directed to no fixed 
centre, and there is no equable descnption of areas at all 
Or It may describe it as we may see done if we suspend 
a ball by a very long string, and, drawing it a little aside 
from the perpendicular, throw it round with a gentle im 
pulse In this case the acting force is directed to the centre 
of the ellipse, abont which areas are described equably, and 
to which a force proportional to the distance (the decom 
posed result of terrestrial gravity) perpetually urges it * 
This IB at once a very easy experiment, and a very in 
Btructive one, and we shall again refer to it In the case 
before ua, of an ellipse described by the action of a force 
directed to the /ocus, the steps of the investigation of the 
law of force are these 1st, The law of the areas determines 
the actual velocity of the revolving body at everj point, or 
the space really run over by it in a given minute portion 
of time, 2dly, The law of curvature of the ellipse deter 
mines the linear amount of deflection from the tangent tn 
the direction of tie focus which corresponds to that space so 
ran over Sdly, and lastly The laws of accelerated motion 
declare that the intensity of the acting force causing such 
deflection in it* oion direction, is measured by or proper 
tional to the amount of that deflection, and may therefore 
bo calculated in anj particular position or generally ex 
pressed by geometrical or algebraic symbols, as a law inde 
pendent of particular positions when that deflection is so 

i U Uio HUspCDiled body bci a yessel lull ot Une sand hanag a sniall hole at 
lU bottom the efT p( <j trace of to orbit wCf be felt fa a sand streak on a fable 
pLici'd bolow it Tb a neat lUnstraBon la doe^ to the best at mj k&owled^ 
to Mr Babbage 

\^TnoNO«T — Vol XIS — 18 
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calculated or expressed We have here the spirit of the 
process by which Kevrton has resolved this interesting 
problem For its geometrical detail, we must refer to the 
Sd section of his Prtncipia We know of no artificial mode 
of imitating this species of elliptic motion, though a rude 
approximation to it — enough, however, to giiea coBception 
of the alternate approach and recess of the revolving body 
to and from the focus, and the variation of its velocity — 
may be had by suspending a small steel bead to a fine and 
very long silk fibre, and setting it to revolve in a small 
Orbit round the pole of a powerful cylindrical magnet held 
upright, and vertically under the point of suspension 
(492 ) The third law of Kepler, which connects the dis 
tances and periods of the planets by a general rule, bears 
With It, as its theoretical interpretation, this important con 
sequence, viz that it is one and the same force, modified 
Only by distance from the sun, which retains all the planets 
in their orbits about it That the attraction of the sun (if 
such It be) IS exerted upon all the bodies of our system in 
differently, without regard to the peculiar materials of which 
they may consist, in the exact proportion of their inertvo, or 
quantities of matter, that it is not, therefore, of the nature 
of the elective attractions of chemistry or of magnetic action, 
which IS powerless on other substances than iron and some 
one or two more, but is of a more universal character, and 
extends equally to all the material constituents of our sys 
tern, and (as we shall hereafter see abundant reason to admit) 
to those of other systems than our own This law, irapor 
tant and general as it is, results, as the simplest of corolla 
nes, from the relations established by Newton in the section 
of the Pnncipia referred to (Prop xv ) from which propo 
BitiOQ It results, that li the earth were taken from its actual 
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orbit, and launched anew in epace at the place, in the dircc 
tion, and with the velocity of an} of the other planets, it 
would describe the very eame orbit, and in the game penod, 
which that planet actually does, a minute correction of tho 
penod only excepted, arising from the difference between 
the mass of the earth and that of the planet Small ns the 
planets are compared to the Bun, some of them are not, as 
the earth is, mere atoms in tho comparison Tho strict 
wording of Kepler s law as Newton has proved in Ins fifty 
ninth proposition, is applicable only to the case of planets 
whose proportion to the central body is absolutely inappre 
ciable “When tbis is not the case the periodic time is 
shortened in the proportion of the sqaare root of the nura 
her expressing the sun s mass or inertia, to that of the sum 
of the nurabera expiesamg the masses of the sun and planet, 
and in general, whatever be the masses of two bodies revolv 
ing round each other under the influence of the Newtonian 
law of gravity the square of their periodic time will be ex 
pressed by a fraction whose numerator is the cube of their 
mean distance, 1 1 the greater semi axis of their elliptic 
orbit, and whose denominator is the sum of their masses 
When one of the masses is incomparably greater than the 
other, this resolves into Kepler s law but when this is not 
the ca'B, the proposition thus generalized stands m lieu of 
that law In the system of the sun and planets however, 
the numerical correction thus introduced into the results of 
Kepler s law is too small to be of any importance the mass 
of tho largest of the planets (Jupiter) being much less than a 
thousandth part of that of the sun We shall presently^ 
hAwevec perceive all the importance of this generalization^ 
when we come to speak of the satellites 

(493 ) It will first, however, be proper to explain by what 
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process of calculation the expression of a planet’s elliptic 
orbit by its elements can be compared with observation, and 
how we can satisfy ourselves that the numerical data con 
tamed m a table of such elements for the whole system does 
really exhibit a tree picture of it, and afford the means of 
determining its state at every instant of time, by the mere 
application of Kepler s laws Kow, for each planet, it is 
necessary for this purpose to know, Ist, the magnitude and 
form of its ellipse, 2dly, the situation of this ellipse m 
space, with respect to the ecliptic, and to a fixed line drawn 
therein, 8dly, the local situation of the planet in its ellipse 
at some known epoch and its periodic time or mean angular 
velocity or as it is called, its mean motion 

(494 ) The magnitude and form of an ellipse ate deter 
mined by its greatest length and least breadth, or its two 
principal axes but for astronomical uses it is preferable to 
use the semi axis major (or half the greatest length), and the 
excentncity or distance of the focus from the centre which 
last 18 usually estimated in parts of the former Thus, an 
ellipse whose length is 10 and breadth 8 parts of any scale, 
has for its major semi axis 6, and for its excentncity 3 such 
parts, but when estimated in parts of the semi axis regarded 
as a unit, the excentncity is expressed by the fraction ] 

(495 ) The ecliptic is the plane to which an inhabitant of 
the earth most naturally refers the rest of the solar system, 
as a sort of ground plane, and the axis of its orbit might be 
taken for a line of departure in that plane or origin of angu 
lar reckoning Were the axis Jixed this would be the best 
possible origin of longitudes but as it has a motion (though 
an excessively slow one) there is, in fact, no advantage lo 
reckoning from the axis more than from the lino of the equi 
noxes, and astronomers Ibereforo prefer the latter, taking 
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account of its variation by tbo olToct of |)recc8sion, and re 
etonng it, by calculation at every instant, to a fixed position 
Now”, to determine the situation of the eUipso dc«cribe<l by 
a planet with respect to this plane, three eUments require to 
bo known — l«t, the xnelination of the plane of the planet a 
.orbit to the plane of the ecliptic, 2dly, the bne in winch 
these two planes intersect each other, which of necessity 
passes through the sun, and whoso position with respect to 
the line of the equinoxes is therefore gl^ en by stating its 
longitndc This line is called the line of the nodes When 
the planet is in this line in the act of passing from the south 
to the north aide of the ecliptic it is ui tta oscen Itnff node 
and its longitude nt that moment is the element called the 
lonjitude of the node These two data determine the situa 
tion of the "plane of the orbit and there onlj remains for the 
complete determination of the situation of tiie planet s cl 
Iipse, to know how it is placed in that plane which (since 
its focus IS necessarily in the snn) is ascertained I y stating 
the longitude of its perihelion or the place which the extrem 
it^ of the axis nearest the sun occnpies when orthograj hi 
cally projocted on the ecliptic * 

(496 ) The dimensions and situation of the planet e orbit 
thus determined it only remains for a complete acquaint 
ance with its history to determine the circnmstances of its 
motion in the orbit so precisely fixed Now for this pur 
pose, all that is needed is to know the moment of time when 
it 18 either at the perihelion or at any other precisely deter 
mined point of its orbit and its whole period for these 
being known the law of the areas determines the place at 

* Whsl Is most improperly called Id some books the to g lude of tha perl 
Iict on on the orb t sab nken ar« or an anplo made up of two in d ffe ent 
planes tI* from Ihe e<|n nox to the node on the ccl pt c and thence to the 
leohcloa on the orb t 
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every otbfir inatanl This momeat is called (when the pen 
helion 13 the point chosen) the perihelxon passage, or, when 
Borne point of the orhit is fixed upon, without special refer 
ence to the perihelion, the epoch 

(497') Thus, then, we have seven particulars or elements, 
which must be numerically stated, before we can reduce to 
calculation the state of the system at any given moment 
But these known, it la easy to ascertain the apparent poai 
tioQs of each planet, as it would be seen from the sun, or is 
seen from the earth at any time The former is called the 
Ttehocentrtc, the latter the geocentric, place of the planet 

(498 ) To commence with the heliocentric places Bet S 
represent the sun, P A N the orbit of the planet, being an 
ellipse, having the S in its focus, and A for its perihelion, 
and let a N r represent the projection of the orbit on the 
plane of the ecliptic, intersecting the line of equinoxes S F 
in r, which therefore, is the origin of longitudes Then 
will S IT be the line of nodes, and if we suppose B to lie on 
the south, and A on the north side of the ecliptic, and the 
direction of the planet's motion to be 
from B to A, N will be the, ascending 
node, and the angle f* S N the hngt 
iude of (he node In like manner, if P 
be the place of the planet at any time, and if it and the 
perihelion A be projected on the ecliptic, upon the points 
p, u, the angles rSp, T S a, will be the respective heho 
centric longitudes of the phnet and of the perihelion, the 
former of which is to be determined, and the latter is one 
of the given elements Lastlj, the angle p S P is the 
heliocentric latitude of the planet, which is aNo required 
to be known 

(499 ) Now, the time being gn cn and also the moment 
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of the planet’s passing the perihelion, the interval, or the 
time of descnbing the portion A P of the orbit, le given, 
and the periodical time, and .the whole area of the ellipse 
being known, the law of proportional itj of areas to the times 
of their description gives the magnitado of the area ASP. 
From this it is a problem of pure geometry to determine the 
corresponding anjte A S P, which is called the planet’s trite 
anomaly This problem is of the kind called transcenden* 
tal, and has been resolved by a great variety of processes, 
some more, some less intricate It offers, however, no 
peculiar difficulty, and is practically resolved with great 
facility by the help of tables constructed for the purpose, 
adapted to the case of each particular planet ’ 

(500 ) The true anomaly thus obtained, the planet's angu- 
lar distance from the node, or the angle N S P, is to be 
found Now, the longitudes of the perihelion and node 
being respectively o and T N, which are given, their dif 
ference o N la also given, and the angle N of the spherical 
right angled triangle A N o, being the inclination of the plane 
of the orbit to the ecliptic, is known Hence wc calculate the 
arc N A, or the angle N S A, which^ added to A S P, gives 
the angle N S P required. And from this, regarded as the 
measure of the arc N P, forming the hypothenuse of the 


* It will Tcaditr bo undoratood tliat except In tho com of Dolform circular 
motion an equaWa dcwnplww of areas abwit aoj centre Is incempatblo -oith 
an eq labta description of angles Tho object of tho problem in tl o text j* to 
inas from tho area auppoaed Vcown. to the onjir supposed unknown, in other 
words to denro the true amount of angulsr motion from tho perlbel on or Iho 
true anomalv from what la tocbnlcallj called tho mean a lotnalj that is tl e 
ra<^«ia angular motion which would have txysn performed had the motion in angU 
been nn lorin instead of tbo vnolvoa tn arto. It happens fortunately that U la 
is tl 0 simplest of all problems of the traDseendonial kiod and can be resoUed 
In tho most difficult cuso by tl o rolo of false prmtion ’ or trial and error lo 
a TOfT few minutes Kay, it may oxen bo resolved approximately on Inspection 
bv a simple »’ <1 eeeUr coustmeted piece of mechanism of wbii^i the reader may 
bm a description in tl o Oamhndgo Phtlosophlcal Transactions vol iv p 426 by 
tho anllxer ol Uia wosit. 
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tight angled spherical triangle P N ji, whose angle N, as be 
fore, 18 known, it is easy to obtain the other two sides, K" j) 
and P jj The latter, being the measure of the angle p S P, 
expresses the planet’s heliocentno latitude, the former meas 
ores the angle 27 S or the planet s distance in longitude 
from Its node, which, added to the known angle fSIf, the 
longitude of the node, gives the heliocentric longitude 
This process, however circuitous it may appear, when once 
well understood may be gone through numerically by the 
aad ot the usual loganthmio and tngonometncal tables, in 
little more time than it will have taken the reader to peruse 
its description 

(601 ) The geocentric diHers from the heliocentnc place 
of a planet by reason of that parallactic change of apparent 
situation which arises from the earth s motion in its orbit. 
Were the planets distances as vast as those of the stars the 
earth s orbital motion would be insensible when viewed from 
them and they would always appear to us to hold the same 
relative situations among the fixed stars as if viewed from 
the sun, t e they would then be seen in their helwcenirut 
places The difference then between the heliocentric and 
geocentric places of a planet is in fact the same thing with 
lis parallax arising from the earth a removal from the cen 
tre of the system and its annual motion It follows from 
this that the first step toward a knowledge of its amoant, 
and the conseq^nent determination of the apparent place of 
each planet as referred from the earth to the sphere of the 
fixed stars must be to ascertain the proportion of its linear 
distances from the earth and from the gun as compared with 
the earth’s distance from the sun, and the angular positions 
of all three with respect to each other 

(602 ) Suppose, therefore, S to represent the sun E the 
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eartb, and P the planet; S T the line of equinoxes, T E 
the earth’s orbit, and P p a perpendicular let fall from tbe 
planet on the ecliptic. Then will the angle S P E (accord- 
ing to the general notion of parallax conveyed in art. 69) 
represent the parallax of the planet arising from the change 
of station from S to E; E P will be the apparent direction 
of tbe planet seen from E; and if S Q be drawn parallel to 
E p, the angle T S Q will be the geo- 
centric longitude of the planet, while 
r S E represents the heliocentric lon- 
gitude of the earth, 1* S p that of 
the planet. The former of these, 
r S E, 13 given hy the solar tables, the latter, / S p, is 
found by the process above described (art. 600) Moreover, 
S P 13 tbe radius vector of the planet’s orbit, and S E that 
of the earth’s, both of which are determined from the known 
dimensions of their respective ellipses, and the places of the 
bodies in them at the assigned time. Lastly, the angle 
P Sp IS the planet’s hehocentnc latitude 

(603 ) Our object, then, is, from all these data, to deter- 
mine the angle r S Q, and P E p, which is the geocentric 
latitude. The process, then, will stand as follows: — 1st, 
In the triangle S P p, right-angled at p, given S P, and 
the angle P S p (the planet’s radius vector and helio 
centric latitude), find S p and P p, 2dly, In the triangle 
S Ep, given S p (just found), S E (tbe earth’s radius vec- 
tor), and the angle B S p (the difference of heliocentric 
longitudes of the earth and planet), find the angle SpE, 
and the side B p The former being equal to tbe alternate 
angle p S Q, is the parallactio removal of the planet in 
longitude, which, added to J* S p, gives its geocentric 
longitude The latter, E p (which is called the curlaU dts- 
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iance of the planet from the earth), gives at once the geo* 
centric latitude, by means of the right-angled triangle F Ep, 
of which E p and F jp are known sidea, and the angle 
P E p is the geocentric latitude sought. 

(504.) The calculations required for these purposes are 
nothing but the most ordinaiy processes of plane trigonom- 
etry ; and, though somewhat tedious, are neither intricate 
nor difficult. When executed, however, they afford us the 
means of comparing the places of the planets actually ob- 
served with the elliptic theory, with the utmost exactness, 
and thus putting it to the severest trial; and it is upon the 
testimony of such computations, so brought into comparison 
with observed facts, that we declare that theory to be a true 
representation of nature. 

(505.) The planets Mercury, Venus, Mara, Jupiter and 
Saturn have been known from the earliest ages in which 
astronomy has been cultivated. Uranus was discovered by 
Sir W. Herschel in 1781, March ISth, in the course of 
a review of the heavens, in which every star visible in a 
telescope oi a certain power was brought under close 
examination, when the new planet was immediately de- 
tected by its disk, under a high magnifying power.. It has 
since been ascertained to have been observed on many 
previous occasions, with telescopes of insufficient power to 
show Its disk, and even entered in catalogues as a star; and 
some of the observations which have been so recorded have 
^been used' to improve and e,xtend our knowledge of its 
orbit. The discovery of the asteroids dates from the first 
day of 1801, when Ceres was discovered by Plazzi, at 
Palermo^ a djMovery speedily followeil by those of Juno 
by Professor Hanling, of Ghttingen, in 16W; and of Pallas 
and Vesta, by Dr. Ollwrs, of Dreraen, in 1803 and 1807 re- 
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spectivolj It w extremely remarkable that tbi« important 
addition to otir aystem had been m eomc sort surmi'ied ns 
a thing not nnlikcl}, on the ground tliat the intervals be 
tween the orbit of Merenrj and the other planetary orbits, 
go on donbling as wo recede from the ann, or nearly so 
Thus, the internal between the orbits of the Earth and 
Mercary is nearly twice that between those of Venus and 
Mercury, that between the orbits of Mars and Ifercury 
nearly twice that between the Earth and Mercury, and so 
on The interval between the orbits of Jnpitcr and Mer 
cary, howoter, la much too great, and would form an ex 
ception to this law, which is, however, again resumed in 
the case of the three planets next in order of remoteness, 
Jupiter, Saturn, and Uranus It was therefore thrown out, 
by the late Professor Bode, of Berlin * as a possible surmise, 
that a planet not then yet discovered might exist between 
Mars and Jupiter, and it may easily bo imagined what was 
the astonishment of astronomers on Gndtng not one only, 
but four planets, differing greatly in all the other elements 
of their orbits, but agreeing very nearly, both tnter ae, and 
-with the above stated empirical law, in respect of their mean 
distances from the sun No account, d priori or from theory, 


* The profrrcBiion U (nlher rudely) that of the numbers 4 4 4-3 4 4-0 
4 4. 1 2 etc The emplncsl lew iUctf as we have abore stated it is ascribed 
tr Voiron not to Bode (who would appear boweror at alt events to havo 
first drawn attention to this Intcrp rotation of Its Interrupt on) but to Professor 
Titius ol 'Wlltemberg (V owwt Euppiement to BaUly ) 

Anolher law has been proposed (m a letter to the writer dated March 
1 1869) bv Mr J Jones of Brynt yfryd Wrexhani If tie plaueu mean 
disUncee from the sun be arranirod in the following order* — Merc iry Veo is 
Jupter Saturn — the Earth Mars Uranu* Eeptune — the product of the 
means In each group b nearly equal to the product of the eatreinee 
Venn, x Ju .ljtgl ^ g>rth _ ^^ptune ^ ^ In point of fact the first fraction 
Mercury x Batura Mars * Dranus 


Mercury * Uatum 

^102 and tl e last — j-h 

to really rery near 


> that the approach to veriacation of the law 
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vraa to bo givoo of tins singular progrcs'iJon, which la not, 
IilkC Kepler « laws, strictly exact in nurocncal verification 
blit the ctreum atari CCS we have just mentioned tended to 
create a strong belief that it was something beyond a mere 
accidental comcidoncc, and lK)ro reference to tho essential 
atructare of the planetary system It wiw even conjectured 
that the asteroids aro fragments of some greater planet* 
which forraorlj circulated in that interval, but which has 
been blown to atoms by an explosion, an idea countenanced 
by the exceeding minuteness of these bodies which present 
dislvS, and it was argucil that in that ease innumerable more 
such fragments must exist and might come to be hereafter 
discovered Whatever mav bo thought of each a specula 
lion ns a physical hypothesis, this conclnsion has been 
veriGed to a considerable extent as a matter of fact by sub 
sequent discovery, the result of a careful and minute ex 
amination and mapping down of the smaller stars in and 
near the zodiac undertaken with that express object. 
Zodiacal chorts of this 1 ind, the product of the zeal and 
indnstry of many astronomers, have been constructed, in 
which every star down to the ninth, tenth, or even lower 
magnitudes is inserted and these stars being compared 
with the actual stars of the heavens the intrusion of any 
stranger within their limits cannot fail to be noticed when 
the comparison is systematically conducted The discovery 
of Astrma and Hebe by Professor Heacke in 1846 and 1847 
revived the flagging spirit of inquiry in this direction, with 
■what success, the list in the Appendix to this volume will 
beat show The labors of our indefatigable countryman, 
Mr Hind, have been rewarded by the discovery of no less 
than eight of them 

(506 ) The discovery of Neptune marks m a signal man 
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ncr the maturity of Astronomical science. Tlio proof, or 
at least the urgent presumption of the c:£iEtcncc of such 
a planet, as a means of accounting (by it*) attraction) for 
certain small irregularities observed in the motions of 
tXranns, ytrs afforded almost siraultaneouoly by the inde- 
pendent researches of two geometers, Jfessrs. Adams of 
Cambriilge and Lovcirier of Paris, who were enabled, /rota 
theory aUme, to calculate wbereabout it ought to appear in 
the heavens, t/ tUilU, the places thus independently calcu- 
lated agreeing Rurprisingly. a $xn<fle degree of the 

place nsaigned by M. Levemer's calculations, and by him 
communicated to Dr. Galle of the Royal Observatory at 
Berlin, and within two and a half from that indicated by 
Mr. Adams, it was actually found by Dr. Oalic on the very 
first night (Sept. 23, 1846) after the receipt of M. Loverncr’s 
communication, on turning a telescope on the spot, and 
comparing the stars in its immediate neighborhood with 
those previoasty laid down in one of the zodiacal charts 
already alluded to.* 

(507.) The mean distance of Neptune from the sun, how 
ever, so far from falling in with the supposed law of plan- 
etary distances above mentioned, offers a decided case 
of discordance. The interval between its orbit and that 
of Mercury, msteul of being nearly double the interval 

• Coottnicltd by Dr Brvmilcor, of Berlin On reading iho klatoiy of Ibis 
noble diacovery. wo are rendy to eiclaim with SchiUet^ 

“JIU dem Genius atchl die Natur Ira ewlgom Jlondo, 

Waa der rine rerupilchi leistot Uio Andre guYviis ” 

Trefosaor CluUha, of the Cambridge Observatory, directing the iTorlhurabor 
land telcsoopo of that Institution to the pNco assigned by Jlr Advms’s calcnla- 
tiooa and Its vtcmity, on the dtli and 12th of August, 18-16, saw the planet on 
both thoaa days, and noted Us i lace (amontt those of other sturs) for ro observa 
tion ITfl, however, pus^ned W« eom;>orMi?n of tha places observed and not 
rsn-sessing Dr Bremlker’s chart (which would have at once tnd cated tlve pr«« 
Lnco of an unmapped star) remained in tgnornneo of the plnnet’s existoneo aa 
» visible objoct till Its announcement as such by Dr Gallo. 
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between those of Uranus and Mercury, does not, in fact, 
exceed the latter interval by much more than half its 
amount This remarkable exception may serve to make 
us cautious in the too ready admission of empirical laws 
of this nature to the tank of fundamental truths, though, as 
in the present instance, they may prove usefnl auxiharie:^ 
and serve as stepping stones, affording a temporary footing 
in the path to great discoveries The force of this remark 
Will be more apparent when we come to explain more par 
ticularly the nature of the theoretical views which led to 
the discovery of Neptune itself 

(508 ) We shall devote the rest of this chapter to an ac 
count of the physical peculiarities and probable condition 
of the several planets, so far as the former are known by 
observation, or the latter rest on probable grounds of con 
jecture In this, three features principally strike ns as 
necessarily productive of extraordinary diversity in the 
proMSions by which, if they be, like oar earth, inhabited, 
animal life must be supported These are, first, the differ 
ence in their respective supplies of light and heat from the 
sun, secondly, the difference in the intensities of the gravi 
tating forces which must subsist at their surfaces, or the 
different ratios which, on their several globes, the tnerttw 
of bodies must bear to their weights, and, thirdly, the 
difference m the nature of the materials of which, from 
what we know of their mean density, we hare every reason 
to believe they consist The intdhsity of solar radiation is 
nearly seven times greater on Mercury than on the Earth, 
and on Neptune 900 times less, the proportion between the 
two extremes being that of upward of 6600 to 1 Let any 
one figure to biroself tie condition of oor globe, were the 
SUB to be septupled, to say nothing of the greater ratio 1 or 
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were it diminished to n seventh, or to a 900th of its actual 
powcrl It IS true that owing to the remarkable difference 
between the properties of radiant heat as emitted from 
bodies of very exalted temperature, as the sun, and as 
from such as we commonly terra trarm, it is \cry possible 
that n dense atmosphere surrounding a planet, while allow- 
ing the access of solar heat to its surface, may oppose a 
powerful obstacle to its escape, and that thus the feeble 
sunshine on a remote planet may be retained and accumu- 
lated on its surface in the same way (and for the same 
reason) that a very slight amount of sunshine, or oi cn the 
dispersed heat of a bngUt though clouded daj, sulTices to 
maintain the interior of a closed greenhouse at a high 
temperature We cannot then absolutely conclude tbo 
prcialencc of that excessive cold on the surface of a dis 
taut planet which its mere remoteness from the sun might 
lead UB, pnmd facte, to expect 

(503 b ) Again, the intensity of gmvitj, or its clRCacy in 
counteracting muscular power and repressing animal activ- 
ity, on Jupiter, is nearly two and a half times that on the 
Earth, on Mars not more than one half, on the Moon one 
sixth, and on the smaller planets probably not more than 
'one twentieth, giving a scale of which the extremes are in 
the proportion of sixty to one Lastly, the density of Sat 
urn hardly exceeds one eighth of the Earth's, so that it 
most consist of matenalB not heavier on the overage than 
dry fir wood Now, under the various combinations of elc 
ments so important to life as these, what immense diversity 
must we not admit in the conditions of that great problem, 
the maintenance of animal and intellectual existence and 
happiness, which seems, bo far as wo can judge by what ne 
sec aronnd us m our own planet, and by the wa^ m which 
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every corner of it is crowded with living beings, to form an 
unceasing and worthy object for the exercise of the Benevo 
lonce and Wisdom which preside over nlll 

(609 ) Quitting, however, the region of mere speculation, 
wo will now show What information the telescope affords ns 
of the actual condition of the several planets within its reach 
Of Mercury we can see little more than that it is round, and 
exhibits phases It is too femall, and too much lost in the 
constant neighborhood of the Sun, to allow us to make out 
more of its nature The real diameter of Mercury is about 
8200 miles its apparent diameter vanes from 5' to 12' Nor 
does Venus offer any remarkable peculiarities although its 
real diameter is 7800 miles, and although it occasionally at 
tains the considerable apparent diameter of 61', which is 
larger than that of any other planet it is yet the most diffi. 
cult of them all to define with telescopes The intense las 
tre of its illuminated part dazzles the sight and exaggerates 
every imperfection of the telescope, yet we see clearly that 
Its surface is not mottled over with permanent spots like the 
Moon, wo tsDtico JJo Jt neatber mountains nor shadows, but a 
uniform brightness, in which sometimes we may mdeed 
fancy, or perhaps more than fancy, brighter or obscurer 
portions, but can seldom or never rest fally satisfied of the 
fact It 13 from some observations of this kind that both 
Venus and Mercury have been concluded to revolve on their 
axes in about the same time as the Earth, though in the case 
of Venus, Btanchini and other more recent observers have 
contended for a period of twenty four times that length 
The most natural conclusion, from the very rare appearance 
and want of permanence m the spots is, that we do not see 
as m the Moon, the real surface of these planets, but only 
their atmospheres, much loaded with clouds, and which may 
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eerre to mitigate the othenriao intense glare of their eua* 
phine. 

(510.) The case is very diilerent with Mars. In this 
planet wo frequently discern, with perfect distinctness, the 
outlines of what may bo continents and seas. (Sec Plato HI. 
jig. 1, which reprerents ilara in its gibbons state, as seen on 
the 16th of August, 1830, in the 20-fcct reflector at Slough.) 
Of these, the former are diatingnishcd by that ruddy color 
which characterizes the light of this planet (which always 
appears red and fiery), and indicates, no doubt, an ochroy 
tinge in the general soil, like what the red sandstone dis- 
tricts on the Earth may possibly offer to the inhabitants of 
Mars, only more decided. Contrasted with this (by a gen- 
eral law in optics), the seas, as wo may call them, appear 
greenish.** These spots, however, are not always to be seen 
equally distinct, bnt, when eeen, the^ offer the appearance 
of forms considerably definite and highly characteristic,** 
brought successively into view by the rotation of the 
planet, from the assiduous observation of which it has even 
been found practicable to construct a rude chart of the sur- 
face of the planet. The variety in the spots may arise from 
the planet not being destitute of atmosphere and clouds; 
and what adds greatly to the probability of this is the ap- 
pearance of brilliant white .spots at its poles — one of which 
appears in our figorc — which have been conjectured, with 
some probability, to be snow, as they disappear when they 
have been long exposed to the son, and are greatest when 


'* I hare noticed the phenomena deserfbod In the text on many occasions, 
but nerer mom dietlnet than on the occaeion when the drawing was made from 
which the ffpjre to Ptote 7 to eiigrwfied — 

,1 ji,9 reader will find many of those forms represented in Schumacher’s 
Anironomttcht KatlrtcMin, No 191, 434, and in the chart in No 349, by 
Messrs Beer and Madler 
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jost emerging from the long night of their polar winter, the 
snow line then extending to aboat six degrees (reckoned on 
a meridian of Iho planet) irom the polov Bj watching the 
spots during a whole night, and on, sncoeasive nights, it is 
found that Mars has a rotation on an axis inclined about 
80"^ 18 to the ecliptic, and m a period of 24* 87“ 2S‘ '* in the 
same direction os the Earth’s,, or from west to east The 
greatest and least apparent diameters of Mars are 4' and 18*, 
and its real diameter about 4100 miles 

(611 ) We now come to a much more magnificent planet, 
Jupiter, the largest of them all, being in diameter no less 
than 87,000 miles, and in bulk exceeding that of the Earth 
nearly ISOO times It is, moreover, dignided by the attend 
anco of four mooiw, eatelbUs, or secondary/ planets, as they 
are called, which constantly accompany and revolve about 
it, as the Moon does round the Earth and in the same direc 
tion, forming with their principal, or pnmari/, a beautiful 
miniature system, entirely analogous to that greater one of 
which their central body is itself a member, obeying the 
same laws, and exemplifying in the most striking and in 
Btruotive manner, the prevalence of the gravitating power as 
the ruling principle of their motions of these, however, wo 
shall speak more at large in the next chapter 

(612 ) The disk of J upiter is always observed to be 
crossed in one certain direction by dark bends or belts 
presenting the appearance m Plate III Jig 2 which rep 
resents this planet as seen on the 23d of September, 1832, in 
the 20 feet reflector at Slough These belts are, however, 
by no means iihke at all times they vary in breadth and in 
Bitnation on the disk (though never in their general direc 


Bwanailadler 2ftr J/aekt 349 22* 736 Proctor A S Aot Mix. 232 
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tion) They hare crcn been «een broken np and djatnbated 
over the whole face of the planet; but this phenomenon is 
extremely rare Branches running out from them, and sub* 
divisions, as represented in the figure, as well os evident 
darker spots, arc by no means uncommon But the most 
singular phenomenon presented by the belts of Jupiter is 
the occasional appearance upon them of perfectly round, 
well defined, bright spota, npt unlike the disks of the satel* 
lites (see ark 5i0), as they arc occasionally seen projected 
on the planet when parsing between it and the Earth, only 
smaller. They vary in situation and number, as many as 
ten having, on one occasion (Oct 28, 1857), been seen at 
once, but, so faros hitherto observed, only on the southern 
hemisphere of Jupiter They were first noticed by Mr. 
Dawes m the spnng of 1849, but first described and figured 
by Mr. Lassell, Ifarch 27, 1850 They have been more re- 
cently ogam and more distinctly and consecutively observed 
by the former of these observers, who has given figures of 
them in Ast Soc Not xviii pp 8, 40 

(612 a ) From the appearances and configurations of the 
belts, attentively watched, it is concluded tliat this planet 
revolves in the Burpnsingly short period of 9" 65" 21' 3 
(Airy), on an axis perpendicular to the direction of the 
belts Now, It 13 very remarkable, and forms a most satis 
factory comment on the reasoning by which the spheroidal 
figure of the Earth has been deduced from its diurnal rota 
tion, that the outline of Jupiter’s disk is evidently not cir- 
cular, but elliptic, Jjeing considerably flattened in the direc 
tion of its axis of rotation This appearance is no optical 
illusion, but IS authenticated by micrometrical measures, 
which assign 1<?<5 to 100 for the proporfron of the equator laf 
and polar diameters And to confirm, in the strongest man 



428 OUTUimS OF ASTSOJSOJIT 

ner, the truth of those pnnczplea on which our former con 
cIusioDB have been founded, and fully to authorize their ex 
tension to this remote syatera, it appears, on calculation, 
that this IS really the degree of oblateness which corro 
sponda, on those principles, to the dimenaions of Jupiter, 
and to the time of hia rotation 

{613 ) The parallelism of the belts to the equator of 
Jupiter, their occasional variations, and these appearances 
of spots seen upon them, render it extremely probable that 
they subsist in the atmosphere of the planet, tormwg tracts 
of comparatively clear sky, determined by currents analo 
goUB to our trade winds, but of a much more steady and 
decided character, as might indeed be expected from the 
immense velocity of its rotation That it is the corapara 
lively darker body of the planet which appears in the belts 
IS evident from this — that they do not come up in all their 
strength to the edge of the disk, but fade away gradually 
before they reach it The round bright spots described 
above may therefore not impossibly be insulated masses 
of cloud, of local origin, analogous to the cumuli which 
sometimes cap ascending columns of vapor in our atmo- 
sphere The apparent diameter of Jupiter vanes from SO* 
to 46' •• 

(614 ) A still more wonderful, and, as it may bo termed, 
elaborately artificial mechanism, is displaced jn Saturn, tbo 
next m order of remoteness to Jupiter, to which it is not 
much inferior in magnitude, being about 70,000 miles in 
diameter, nearly 1000 times exceeding the earth in bulk, and 
snbtending an apparent angular diameter at Iho earth, of 

“ Frof P Bmjth fcnd Mr Po ti» H « |ui»e f btluhcd fln« MprwrtnUUonf of 
Jupiter 0 « /ofSJer M from Ihs PwiV cl T<-«e«ffe {»!t. 10 100 It-h iPp Uiwr 
i I nil! obwrT^tnrjr «l Cr»«foril 
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ftboat 18* at its mean distance This slupendoas globe, 
besides being attended by no less than eight satellites, or 
moons, 13 surrounded with three broa^, flat, and ertremely 
thin rings, concentric with the planet and with each other, 
the inner being aery {amt and serai transparent, all lying in 
one plane, and separated by a \cry narrow interaal from 
each other throughout their whole circumference, ns they 
are from the planet by a much wider The dimensions of 
this extraordinary appendage are as follows — *' 


Fxtenor diAmct«f of extonor bright nng 
Incenor d tto 

Extonor d amoter of tnienor bright riog 
laujrior d tio 

Equatortxl diameter of the bod/ 

iDiervel betvreen the pUoct and intenor bright ring 

Imerral of the nngs 

Tbicknees of the nog not exceed ng 


MUee 

40 005 — 176 418 
35 289 — 155 2T2 
34 476 — 161 690 
26 668 — 117 339 
17 391— 79 160 
4 339— 19 090 
0 403— 1 791 

— 250 


The figure (Plate III fig 3) represents Saturn surrounded 
by its rings, and having its body striped with dark belts, 
somewhat similar, but broader and less strongly marked than 
those of Jupiter, and owing, doubtless, to a similar cause ** 
Whatever be the matenals of which the ring consists (and 
there are strong reasons, art 622, for believing it not to 
consist of solid matter), it is at least substantial enough to 
cast a shadow, which, when the Earth is properly situated, 
may be seen on the body of the planet on the side next the 
Sun as also to receive one when thrown on it by the body 


The «0 dimenBlons sre calculated from Prof Struve a m crometnc me** 
■nres Mem. Aat Soo 1 1 301 w th tl e eicep loa of il e thlckoeai of the r ng 
Tvldch 1» concluded fro n Its lolal disappearsoee in 1833 in a teleaoopo 
would certa nly 1 ftve ahown as a v s ble object, a t ne of I gl t one twent eth 
of a second In bread h The interval of the r ogs here stated is possibly some 
what too smalL 

’rfie equartmSo’ drtgih* deiV generally weiV seen The a 6a' vi> on of the 
dark one by two narrow bright baoda is seldom so disunct as represented in 
the plate 
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on the opposite side. The form of this latter shadow, rni-. 
nutely scrutinized with powerful telescopes, has led some 
observers to conclude that the edge of the outer ring is in 
some degree rounded, and that the two rings do not lie pre- 
cisely in one plane.’* From the parallelism of the belts 
with the plane of the ring, it may be conjectured that the 
axis of rotation of the planet is perpendicular to that plane; 
_and this conjecture is confirmed by the occasional appear- 
ance of extensive dusky spots on its surface, which, when 
watched, like the spots on Mars or Jupiter, indicate a rota- 
tion in 10'* 16*" O' -44 (according to the observations of Sir 
Wm. Herschel) about an axis so situated. 

(516.) The axis of rotation, like that of the earth, pre- 
se'cves its parallelism to itself during the motion of the 
planet in its orbit; and the same is also the case with 
the ring, whose plane is constantly inclined at the same, 
OP very nearly the same, angle to that of the orbit, and, 
therefore, to the ecliptic, viz, 28° 11’; and intersects the 
hatter plane in a line, which makes at present" an angle 
with the line of equinoxes of 167° 31', So that Che nodes of 
the ring lie in 167° 31'^ and 347° 31' of longitude. Whenever, 
then, the planet happens to be situated in one or other of 
these longitudes, as at C, the plane of the ring passes 
through the sun, which then illuminates only the edge of 
it. And if the earth at that moment be in F, it will see 
the ring edgewise, the planet being in opposition, and 
therefore most favorably situated {caterxs paribm) for ob- 


'* The cicosslTo Ihinncw ot the tinpe 5o ids us lo domijr lo Uio tormef ot 
Uiese concfiwtons a» o rMu/i of obsertahoti, tJiousrJl full/ sdmitUog it *S tbw- 
fetlcall/ prohahle. 

” According to Scssel. Oio Jongitude ot Uio node ol Uio ring tncroMcs by 
4a’’'462 per siinum. In 1800 it was ICO* 53' 8" 9. 
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Borration. Under these circumstances the ring, if seen at 
all, can only appear as a very narrow straight lino of light 
projecting on either side of the body as a prolongation of 
its diameter. In fact, it is quite invisible in any but tel- 
escopes of extraordinary power." This remarkable phe- 
nomenon takes place at intervals of fifteen years nearly 
(being a semi-penod of Saturn in its orbit). One disap- 
pearance at least must take place whenever Saturn passca 
either node of its orbit; but three must frequently happen, 
and two are possible. To show this, suppose S to bo the 



Bun, A B C D part of Saturn's orbit situated so as to in- 
clude the node of the ring {at C), E F G n the Earth’s 
orbit; S 0 the line of the node, E B, G D parallel to S C 
touching the Earth’s orbit in E G, and let the direction 
of motion of both bodies be that indicated by the arrow. 
Then since the ring preserves its parallelism, its plane can 
nowhere intersect the Earth’s orbit, and therefore no disap- 
pearance can take place, unless the planet be between B and 

II Its di>uippcar»nce wus eomplett whea obierred with a lefloctor eighteen 
Inches In aperture end twenty teet in foeel length on the 29lh of AprC, 1833, 
by the author. 
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D and, on tlie other hand, a disappearance is possible (if 
the Earth be rightly situated) during the whole time of the 
description of the arc B D Kow, since S B or S D, the 
distance of Saturn from the Sun, is to S E or S G, that of 
the Earth, as 9 64 to 1, the angle 0 S I> or C S B = 6® 1', 
and the whole angle B S D = 12“ 2', which is described by 
Saturn (on an average) in 869 46 days, wanting only 6 8 days 
of a complete year The Earth then describes very nearly 
an entire revolution within the limits of time when a disap 
pearance is possible, and since, in either half of its orbit 
E F G or G H E, it may equally encounter the plane of the 
ring, one such encounter at least is unavoidable within 
the time specified 

(616 ) Let G a be the arc of the Earth’s orbit described 
from G m 5 8 days Then if, at the moment of Saturn’s 
arrival at B, the Earth be at ct, it will encounter the plane 
of the ring advanciog parallel to itself and to B E to meet 
it, somewhere in the quadrant H E, as at M, after which it 
will be behind that plane (with reference to the direction 
of Saturn’s motion) through all the are M E F G up to G, 
where it will again overtake it at the very moment of the 
planet quitting the arc B D In this state of things there 
will be two disappearances. If, when Saturn is at B, the 
Earth be anywhere in the arc « H E, it is equally evident 
that it will m^ei and pass through the advancing piano of 
the ring somewhere in the quadrant H E, that It will again 
wertahe ami pa^ through it somewhere in the semicircle 
E r G, and again meet it in some point of the quadrant 
G n, so that three disappearances will take place So, also, 
if the Earth be at E when Saturn is at B, the motion of the 
Earth being at that instant directly toward B, the plane of 
the ring will for a short time leave it behind, bat the ground 
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eo lost being rapidly regained, as the Earth’s motion becomes 
obliqae to the Ime of junction, it will soon overtake and 
pass through the plane in the early part of the quadrant 
E F, and passing on through G before Saturn arrives at D, 
will meet the plane again in the qnadrant G H The same 
will continue up to a certain point b, at which, if the Earth 
tie initially situated, there will he but two disappearances — 
the plane of the ring there overtaking the Earth for an in 
stant, and being immediately again left behind by it, to he 
again encoiintered by it m G H Finally, if the initial place 
of the Earth (when Saturn is at B) be in the are 6 F o, there 
will be but one passage through the plane of the ring, viz. 
in the semicircle G H E, the Earth being in advance of that 
plane throughout the whole of 6 G 

(617 ) The appearances wdl moreover be varied according 
as the Earth passes from the enlightened to the unenlight 
ened side of the ring, or vice versd If C be the ascending 
node of the nng, and il the under side of the paper be sup 
posed south and the upper north of the echptio, then, when 
the Earth me^ts the plane of the ring in the quadrant H E, 
it passes from the bright to the dark side where it overtakes 
it in the quadrant E F, the contrary Vice verad^ when it 
overtakes it in F G, the transition is from the bright to the 
dark side, and the contrary where it meets it in G H On 
the other hand when the Earth is overtaken by the nng 
plane in the interval E b, the change is from the bngbt to 
the dark side When the dark side is exposed to sight the 
aspect of the planet is very singular It appears as a bnght 
round disk, with its belts, etc , but crossed equatonally by 
a narrow and perfectly black line This can never of course 
happen when the planet is more than 6® 1 from the node of 
the nng Generally, the northern side is enlightened and 

AstBCJOinr— Vol SIS— 19 
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visible wiien tlie heliocentric longitude of Saturn is between 
173® 32’ and 341® SO', and the sou them when between 3o3® 
32' and 161® SO’. The greatest opening of the ring occurs 
when the planet is situated at 90® distance from the node 
of the nng, or in longitudes 77® 31' and 257® 31', and at 
these points the longer diameter of its apparent ellipse is 
almost exactl^y double the shorter. * 

(518 ) It wiU naturally be asked how so stupendous an 
arch, if composed of solid and ponderous materials, can he 
sustained without collapsing and falling in upon the planet? 
The answer to this is to be found in a swift rotation of the 
ring in Its own plane, which observation has detected, owing 
to some portion of the ring being a little less bright than 
others, and assigned its period at 10* 32“' 16', which, 'from 
what we know of its dimensions, and of the force of gravity 
in the Saturnian system, is very nearly the periodic time of 
a satellite revolving at the same distance as the middle of its 
breadth. It is the centrifugal force, then, arising from this 
rotation, which sustains it; and although no observations 
nice enough to exhibit a difference of periods between the 
outer and inner tings have hitherto been made, it is more 
than probable that such a difference does subsist as to place 
each independently of the other m a similar state of equilib* 
num. Still, it might bo urged, such is the thinness of the 
rings that it may very well be doubted, whether the strain 
brought upon either of them by the difference of its interior 
and exterior centrifugal forces, if solid, would not sulTico to 
tear it in pieces. A fluid constitution would obviate this 
diOicuUy; and indeed it la very possible that the rings *fnay 
be gaseous, or rather such a mixture of gas and vapor as 
consists with our idea of a cloud. 

(619.) Although the nogs are, as we have said, very 
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ncarlj concentne with the body of Saturn, yet micromct* 
ncal measuremcnta of extrorao delicacy** have demonatratod 
that the comcidouco is not mathematically exact, but that 
the centre of gravity of the rint^a oscillates round that of 
the body, dcscnbing a very minute orbit, probably under 
laws of much complexity Tn fling ns this remark may 
appear, it is of the utmost importance to the stability of 
tho system of the nngs, if solid and coherent Supposing 
them mathematically perfect in their circular form, and 
exactly concentric with the planet, it is demonstrable that 
they would form a system in a state of unatabh equililnum^ 
which tho slightest external power would subvert — not by 
causing a rupture in the substance of the nngs — but by pre 
cip dating them tinhroken on tho surface of the planet For 
the attraction of such a nng or rings on a point or sphere 
cxccntncally within them is not the same in all directions, 
but tends to draw the point or sphere toward the nearest 
part of the ring, or away from the centre Ilonce, sup 
posing the body to become from any cause, ever so little 
excentnc to the nng the tendency of their mutual gravity 
18 not to correct but to increase this excentncity, and to 
bnng the nearest parts of them together Now, external 
powers, capable of producing such excentncity, exist in the 
attractions of the satellites as will be shown in Chapter 
XII , and in order that the system may be stahU and 
possess within itself a power of resisting the first inroads 
of such a tendency, while yet nascent and feeble and op 
posing them by an opposite or maintaining power, it has 
been shown that it is sufficient to admit the rings if solid, 

I* By BtruTe cOBflrmIng ft iugpic on »ugge8ted by tho eye obeerroUons of 
M. Schwabe 
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to be haded ia some part of their circumference, either by 
some minute inequality of tliickness, or by some portions 
being den'^er than others. Such a load would give to the 
whole ring to which it w^g attached somewhat of the char- 
acter of a heavy and sluggish satellite maiDtaining itself in 
an orbit with a certain energy sufficient to overcome minute 
causes of disturbance, and establish an average bearing on 
its centre. But even without supposing the existence of any 
such load — of which, after all, we have no proof — and grant- 
ing, in its full extent, the general instability of the equilib- 
num, we think; we perceive, in the rapid periodicity of alt 
the causes of disturbance, a sufficient guarantee of its preser- 
vation. However homely be the illustmtion, we can con- 
ceive nothing more apt, in every way, to give a general 
Conception of this maintenance of equilibrium under a con- 
stant tendency to subversion, than the mode in which a 
practiced hand will sustain a long pole in a perpendicular 
position resting on the finger, by a continual and almost 
imperceptible variation of the point of support Be that, 
however, as it may, the observed oscillation of the centres 
of the rings about that of the planet is in itself the evidence 
of a perpetual contest between conservative and destructive 
powers — both extremely feeble, but so antagonizing one 
another as to prevent the latter from ever acquiring an 
Uncontrollable ascendency, and rushing to a catastrophe. 

(520 ) This is also the place to observe, that as the 
smallest difference of velocity between the body and the 
nogs must infallibly precipitate the latter on the former, 
never more to separate (for they would, once in contact, 
have attained a position of etalle eg^uiltbnum, and be held 
together ever after by an immense force); it follows, cither 
that thefr motions in their common orbit round the sun most 
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have been adjusted to each other bj an external power, with 
the nxinuteat precision, or that the nags must have been 
formed about the planet while subject to their common orbi* 
tal motion, and under the full and free influence of all the 
acting forces 

(o21 ) [The exterior nng of Saturn is described by many 
'observers as rather less luminous than the interior, and the 
inner portion of this latter than its outer On the night of 
No\ ember 11, 1850, however, Ur G B Bond, of the Hat 
Yard Obseriatorj (Cambridge, IT S ), using the great Fraun 
hofer equatorial of that institution, became aware of a line 
of demarcation between these two portions so deflnite, and 
an extension inward of the dusky border to such an extent 
(one fifth, hy fneasurementy of the joint breadth of the two 
old rings), as to justify him in coDSidering it as a newly dis 
covered nng On the nights of the 25th and 29th of the 
same month, and without knowledge of Mr Bond’s obser 
vations, Mr Dawes at his observatory at Walenngbury, by 
the aid of an exquisite achromatic by Merz, of 61 inches 
aperture, observed the very same fact, and even more dis 
tincUy, so as to be sure of a decidedly darker interval be 
tween the old and new nngs, and even to subdivide the 
latter into two of unequal degrees of obscurity, separated 
by a line more obscure than either 

(622 ) Dr Galle of Berlin, however, would appear to 
have been the first to notice (June 10, 1838) a faint exten 
Sion of the inner ring toward the body of the planet, to 
about half the interval between the then recognized inner 
ring and the body, as shown hy micrometrical measures But 
ibis result remained unpublished (or at least not generally 
known) until after the observations of Messrs Bond and 
Dawes The most remarkable feature of this singular dis 
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covcry is, that sabscqucnt observations, from many qcar* 
ters, Imro conoorred in shoiring tho now nng to consist of 
«mi transparent vtatertals through tchteh the litnh of the planet 
may he seen up to Oe edge of V t mtenor Inj} i ring Dark 
lines (apparently of a tmnsitorj nature) have been observed 
on tho bright nngs pamllcl to tho permanent dark mtcr\al 
dividing them All these indications taken in conjnnction 
•with what 13 Bud in art 018 decidedly point to a vaporous 
constitution of these wonderful appendages **J 

(022 a ) Still It has been thought remarkable that this 
new nng or appendage to tho ringa, should not have been 
discovereil earlier, and it has tien been conjectured that 
tho breadth of tho ring has been gradually increasing inward 
since the limo of Huyghens, its first discoverer and this 
conjecture for a while appeared to bo supported by micro- 
metncal measorcs obtained by M Otto Siru\c(with whom 
the conjecture originated) which seemed to show a still far 
thcr diminution of the interial between the rings and the 
ball The question, however, appears to be definitively 
settled m the negative by the elaborate micrometrical meas 
ores of Mr Mam, at the Eojal Observatory at Greenwich, •• 
and by the discussions entered into by M Kaiser ** 

(622 b ) The rings of Saturn must present a magnificent 
qicctacle from those regions of the planet which he above 
their enlightened sides being seen as vast luminous arches 
spanning the sky from horizon to horizon, and holding an 


The pus&KQ of Saturn across snj cons derable star would afford an adair 
able opportuo tr of tesUO!; the ex stence of fissures in the nags as it would 
flwh m a ccesson through them The opportun ty of watcluag for aoeb oc* 
eotbit OHO— whOQ Saturn tnirer.9ea lha U lie/ Way {or instance— ehould sot 
bo neglectod 

’ Mem Aat Soo. ixt 
*» Aat Soc Kouce *ti G6. 
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almost invariable situation among tho stars To a spectator 
sitoated anjwhero in tbo axis of the planet, it is evident 
that their interior and extenor ontlmcs must both appear as 
circles corresponding to parallels of declination, and most 
occasion a permanent eclipse of eiery beaaenly body lying 
between these parallels It is otherwise to a spectator situ 
’ ated on the planet s surface To such a one the interior and 
exterior outline of each ring would, by the effect of per 
spective, be thrown into nonconcentric ellipses so that (sap 
posing be could see through the whole planet and obtain a 
a lew of the whole nng) it would appear broader on the side 



nearest to him than on that most remote These ellipses, 
moreover, when traced along the heavens would not com 
cide with parallels of decimation,** but would deviate from 
such parallels toward the elevated pole as is evident if we 
consider that a perpendtcnlar S T from any point S on the 
planet s surface to the plane of the nng A B is parallel to 
the axis of rotation so that the right cone A S D generated 
by the revolution of A S round S T traces on the heavens 
a circle of declination, having the edge A of the ring for its 
upper culminating point whereas the oblique cone A S B, 
tracing the visible course of the nng in the heavens though 


u The c reumatancea haTe boeo traced id Di naW deta I by Dr Lardaer who 
first, I l»l ese auenbon to the eflect ol s vuation oa the aurfaco of (ho 
planet in modify ng the phenomena preaeated by the nogs 
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coiocidcnt with tho former at its apper culmination A, lies 
clscwhero whollj c:ttcrior to it> and has its inferior culmina- 
tion B nearer to tho eJovntod polo hy tho angle BSD, tho 
diffcroace of tho angles of tho two cones. Tho apparent 
coarse of either edge of tho ring, then, is a curve toochiog 
(ho circle of dcolinntion at which that edge cutminates, hat 
receding from it toward the elevated polo, bo os to allow 
stars or tho Sun to bo visible at certain seasons under the 
ring at thoir rising — to bo eclipsed wholly or partially by it 
at its under edge, and again to emci^o before setting. This 
will not prevent, however, some considorablo regions of Sat- 
urn from Buffering very long total interception of tho solar 
beams, affording, to our ideas, but an inhospitable asylum 
to animated beings, ill compensated by the feeble light of 
the satellites. But we shall do wrong to judge of the fitness 
or unfitness of their condition from what we see around us, 
when perhaps tho very combinations which convey to our 
minds only images of horror, may be, in reality, theatres of 
the most striking and glorious displays of beneficent con- 
trivance. 

(62S.) Of Uranus wo see nothing but a small round uni- 
formly illuminated disk, without rings, belts, or discernible 
spots. Its apparent diameter is about 4', from which it 
never varies much, owing to the smallness of our orbit in 
comparison of its own. Its real diameter is about 85,000 
miles, and its bulk 82 times that of the earth. It is attended 
by four satellites, whose existence may be considered as 
conclusively established (and more have been suspected). 

(524 ) The discovery of Neptune is so recent, and its 
situation in the ecliptic at present so little favorable for see- 
ing it with perfect distinctness, that nothing very positive 
can be stated as to its physical appearance. It was at first 
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Buspccted to liB\c ft ring, bat tbe snaptcton lias not been 
verified. It is attended by at least one satellite, ibo exist- 
ence of which has been demonstrated by the observations of 
Mr. Lasscll, M Otto Struve, and Mr. Bond. 

(025 ) If the immense distance of Neptune precludes all 
hope of coming at much knowledge of its physical state, the 
minuteness of the Asteroids is no less a bar to any inquiry 
into theirs. One of them, Pallas, has been said to have 
somewhat of a nebulous or hazy appearance, indicative of 
an extensive and vaporous atmosphere, little repressed and 
condensed by the inadequate gravity of so small a mass. It 
IS probable, however, that the appearance in question bos 
originated in some imperfection in the telescope employed, 
or other temporary causes of illusfon In Vesta and Pallas 
only have sensible disks been hitherto observed, and those 
only with very high magnifying powers Vesta was once 
seen by Schroter with the naked eye No doubt the most 
rematkabte of their peculiarities must he in this condition 
of their state A man placed on one of them would spring 
with ease 60 feet high, and sustain no greater shock in his 
descent than he does on the earth from leaping a yard On 
such planets giants might exist, and those enormous am 
mals, which on earth require the buoyant power of water to 
counteract their weight, might there be denizens of the land. 
From soma recent researches of M Leverrier, it appears that 
we shall be warranted in attributing to the lotality of the 
Asteroids a quantity of matter quite insigmficaut 

(625 a ) There is a remarkable division of the planetary 
system into two families or tlasaes of planets, the large, and 
ilie smaiV Tb tfde jhvccrihiuny Ouibug- k'dtJisu /inrenur to tie 
orbits of Jupiter, viz Mercury, Venus, the Earth, and Mars, 
■with the Asteroids To the former, all exterior to the orbits 
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of the first class — Jupiter, Saturn, Uranus, and Neptune. 
The Asteroids themselves, however, may be considered as 
forming a family apart, their magnitudes being as much in 
ferior to those of the interior planets as these are to the ex* 
tenor, or in a still lower ratio Not less remarkable is the 
circumstance that while all the interior planets revolve on 
their axes (so for as is known) m about the same time (24^), 
the exterior (as is certain in the case of Jupiter and Saturn 
at least) "have periods of rotation less than half that length. 
In point of density, too, as we shall see further on, an 
equally marked distinction of specific character is preserved, 
all the interior ones having about the same density as the 
Earth, while that of all the exterior is very much l^s, not 
exceedmg a quarter of the Earth*s, and agreeing (in the 
cases of Jupiter and Uranus) very closely with that of the 
Sun 

(626) "We shall close this chapter with an illustration 
calculated to convey to the minds of our readers a general 
impression of the relative magnitudes and distances of the 
parts of our system Choose any well levelled field or bowl 
ing green On it place a globe, two feet in diameter, this 
will represent the Sun, iferenry will he represented by a 
gram of mastard seed, on the circumference of a circle 364 
feet in diameter for its orbit, Venus a pea, on a circle of 
284 feet in diameter, the Earth also a pea, on a circle 
of 480 feet, Mars a rather large pin’s head, on a circle of 
654 feet, the Asteroids, grams of sand, m orbits of from 
1000 to 1200 feet, Jupiter a moderate sized orange, in a cur 
cle nearly half a mile across, Saturn a small orange, on a 
circle of four fifths of a mile, Uranus a full sized chetiy, or 
small plum, upon the circumference of a circle more than a 
mile and a half, and Keplone a good sized plum, on a circle 
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atwat two miles and a half in diameter. As to getting cor- 
rect notions on this cabject by drawing circles on paper, or, 
Btill worse, from those very childish toys called orreries, it 
is out of the question. To imitate the motions of the plan- 
ets, in the above-mentioned orbits, ifcrcurj’ must desenbo 
its own diameter in 41 seconds; Venus, in 4" 14*; the Earth, 
in 7 minntea; Mars, in 4** 48*; Jupiter, 2^ CG**; Satarn, in 
6^ IS*; Uranus, iij 2* 16*; and J^eptune, in S* SO".” 


•* In tlio “penny Vncycloixcdis,” rol 22 p 107, the diarocleri of the orblu 
of the pUneU here set doirn, ere quoted is their dtatanet4 froni the centre, end 
the «izo of the aun H cnUrgi^ to lour feet, while the alaee of the ptoncu are 
unaltered. 
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CHAPTER X 

or THE SATELLITES 

Ot the Moon ns a Satellite of the Earth — Qeneml Proifmfty of Safellftcs 
to tbotr Pnmnriee aod Oonscqttent SubordiaaCton of their Motioos — 
Mosses of Ibo FrSmarJta Coocluded from the Periods of tberr Salothtes 
^'Maintenance ot Kepler’s Laws In the Secondary Systems — Of JopI 
ler’i Satelltes — Their Eclipses etc — ^Velocity of tight Discovered 
by their Means — Satellites of Saturn — Of Uranus — Of Neptune 

(627 ) In the annual circuit of the earth about the sun, 
It IS constantly attended by its satellite, the moon, which 
revolves round it, or rather both round their common centre 
of gravity, while this centre, strictly speaking, and not 
either of the two bodies thus connected, movesjn an elJip 
tic orbit, undisturbed by their mutual action, just as the 
centre of gravity of a large and small stone tied together 
and flung into the air describes a parabola as if it were a 
real material substance under the earth’s attraction, while 
the stones circulate round it or round each other, as we 
choose to conceive the matter 

(528 ) If we trace, therefore, the reai curve actually de 
scribed by either the moon s or the earth s centres, in virtue 
of this compound motion, it will appear to be, not an exact 
ellipse, but an undulated curve, like that represented in the 
figure to article 324, only that the number of undulations 
in a whole revolution is but 13, and their actual deviation 
fropa the general ellipse, which serves them as a central line, 

IS comparatively very much smaller — so much so, indeed, 
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that every part of the curve described by either the earth 
or moon is concave toward the sun The excursions of the 
earth on either side the ellipse, indeed, are bo very small 
as to he hardly appreciable In fact, the centre of gravity 
of the earth and moon lies always wxthin the surface 
of the earth, so that the monthly orbit described by the 
Earth’s centre about the common centre of gravity is com- 
prehended within a space less than the Bize of the earth 
itself The effect ta, nevertheless, sensible, m producing 
an apparent monthly displacement of the sun in longitude, 
of a parallactic kind, which is called the menstrual equation, 
whose greatest amount is however, less than the sun’s 
horizontal parallax, or than 8 6* 

(629 ) The moon, as we have seen, is about 60 rada of 
the earth distant from the centre of the latter Its prox 
imity, therefore, to its centre of attraction, thus estimated, 
13 much greater than that of the planets to the sun, of which 
Mercury, the nearest, is 84, and Uranus 2026 solar radu 
from its centre It is owing to this proximity that the moon 
remains attached to the earth as a satellite "Were it much 
further, the feebleness of its gravity toward the earth would 
be inadequate to produce that alternate acceleration and 
retardation in its motion about the sun, which divests 
it of the character of an independent planet, and keeps 
its movements subordinate to those of the earth The one 
would outrun, or he left behind the other, in their revolu 
tiona round the sun (by reason of Kepler’s third law), 
according to the relative dimensions of their heliocentnc 
orbits, after which the whole inHuence of the earth would 
be confined to producing some considerable periodical dts 
turbance in the moon’s motion, as it passed or was passed 
by it in each synodical revolution 
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{6S0 ) At tho diat'inco at which the moon reallj is from 
U8, Its gravity toward the earth is actually less than toward 
the sun Tint this is tho case appears sufficiently from 
what we have already stated, that the moons real path, 
oven when between the earth and sun, is concate toward 
the latter But it will appear still more clearly if, from 
tho known periodic times' in which the earth completes 
its annual and the moon its monthly orbit, and from the 
dimensions of those orbits, we calcnlate the amount of do 
flection in either, from their tangents, in equal very minute 
portions of time, as one second These are the versed sines 
of the arcs described in that time m the two orbits, and 
these are the measures of the acting forces which pro 
dace those deflections If we execute the numerical cal 
culation in the case before us, we shall find 2 233 1 

for the proportion in which the intensity of the force 
which retains the earth in its orbit round the sun acta 
ally exceeds that by which the moon is retained in t(e 
orbit about the earth 

(531 ) Nffw the saa is aboat times more remote irom 
the earth than the moon is And as gravity increases as 
the squares of tho distances decrease it must follow that 
at equal distances, tho intensity of solar would exceed that 
of terrestrial gravity in the above proportion augmented 
in the further ratio of the square of 400 to 1 , that is, in the 


* R and r rad of two orb ta (supposed circular) P and p tbo per od c times 
then the arcs In question (A. and o) are to each other as „ to and e nco the 

r p 

Tfirsed e aea are &a the squared ot the arcs d rectlj- and the radu inyarselj these 

are to each other aa ^ to A and in this rat o are the forces aetfoK on the 
P* p* 

revolriDg bod es In either case 
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proportion of 855,000 to 1 ; and therefore, if iro grant that 
the intensity of the gravitating energy is commcnsorato with 
the mass or inertia of the attracting body, we arc compelled 
to admit the mass of the earth to be no more than rrinv of 
that of the sun * 

(632 ) The argnment is, in fact, nothing more than a rc- 
capitaiation of what has been adduced in Chap Vlli (arL 
44S) But It 13 here ro introduced, in order to show how the 
mass of a planet which 13 attended by one or more satelliti^ 
can be as it were weighed against the ann, provided we have 
learned, from observation, the dimensions of the orbits do- 
senbed by the planet about the snn, and by the satellites 
about the planet and also the periods m which these orbits 
are resjxjctively described It is by this method that the 
masses of Jupiter, Saturn, Uranus, and Neptune have been 
ascertained, and from which their denfiUies are concluded 
(See art 6C1 ) 

(533) Jupiter, as already stated, is attended by four 
eatcUites, Saturn by eight, Uranus certainly by four, “and 
Neptnne by one, or possibly more These, with their ro 
spective pnmartea (as the central planets are called) form 
in each ca'»e mmiature systems entirely analogous in the 
general laws by which their motions are governed, to the 
great system in which the sun acts the part of the primary, 
and the planets of its satellites In each of these systems 
the laws of Kepler are obeyed, in the sense, that is to say, 
in which they are obeyed in the planetary system — approxi 
xaately, and without prejudice to the effects of mutual per- 


* In Iho BTDoptlc table at the end of this roluae the mass of the sun la 
taien somewhat Mpber accord dr to the most recent detonniDStloa It has 
not been thought wonh whlla to slier all the figures ol the test Sa coalormit7 
with that est male 
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turbatton, of extraneous mtcrference, if any, and of that 
email but not imporccpuble correction which arises from 
the elliptic form of the central body Their orbits are 
circles or ellipses of very moderate exccntricity, the pri 
mary occupying one focus About this they describe areas 
very nearly proportional to tho times, and the squares of 
the periodical times of all the satellites belonging to eaefi 
planet arc in proportion to each other as the cubes of their 
distances The tables at the end of the volume exhibit a 
synoptic view of the distances and periods m these several 
systems so far na they are at present known, and to all of 
them it will bo observed that the same remark respect 
ing their proximity to their primaries holds good, as in 
the case of the moon, with a similar reason for such close 
connection 

(634 ) Of these systems, however, the only one which has 
been studied with attention to all its details, is that of Ju 
piter, partly on account of the conspicuous brilliancy of its 
four attendants, which are large enough to oSer i isible and 
measurable disks la telescopes of great power but more 
for the sake of tbeir eclipses, whioh, as they happen very 
frequently, and are easily observed, afford signals of con 
Biderable use for the determination of terrestrial longi 
tndes (art 286) This method, indeed, until thrown into 
the background by the greater facility and exactness now 
attainable by lunar observations (art 287) was the best, 
or rather the only one which could be relied on for great 
distances and long intervals 

(535 ) The satellites of Jupiter revolve from west to east 
(following the analogy of the planets and moon) in planes 
very nearly, although not exactly, coincident with that of 
the equator of the planet, or parallel to its belts This latter 
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plane is inclined 8® 6 80' to the orbit of the planet, and is 
therefore but little diSerent from the plane of the ecliptic 
Accordingly, we see their orbits projected very nearly into 
straight lines, m which they appear to oscillate to and fro, 
sometimes passing before Jupiter, and casting shadows on 
hi3 disk (which are very visible in good telescopes, like 
small round ink spots, the circular form of which is very 
evident), and sometimes disappearing behind the body, 
or being eclipsed in its shadow at a distance from ik It 
IS by these eclipses that we are furnished with accurate 
data for the construction of tables of the satellites’ mo 
tioDS, as well as with signals for deterrmmng differences 
of longitude 

(536 ) The eclipses of the satellites, in their general coo 
ception, are perfectly analogous to those of the moon, but 
in their detail they differ in several particulars Owing to 
the much greater distance of Jupiter from the sun and its 
greater magnitude, the cone of its shadow or umbra (art 
420) 13 greatly more elongated and of far greater dimen 
sions, than that of the earth The satellites are, moreover, 
much less in proportion to their primary their orbits less 
inclined to its ecliptic and (comparatively to the diame 
ter of the planet) of smaller dimensions than is the case 
with the moon Owing to these causes the three mtenor 
satellites of Jupiter pass through the shadow, and are 
totally eclipsed, every revolution, and the fourth though, 
from the greater inclination of its orbit, it sometimes 
escapes eclipse, and may occasionally graze ns it were the 
border of the shadow, and suffer partial eclipse yet 
does so comparatively seldom and, ordinarily speaking, 
Its eclipses happen, like those of the rest, each revo- 
lution 
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(587 ) These eclipses, morco% er, are not seen, ns la the 
cw with those of the moon, from the centre of their mo 
tion, but from a remote station, and one 'Nvhoso situation 
with respect to the lino of shadow is ^anahle This, of 
course, makes no difference id the firiM of the eclipses, bat 
a \ei 7 great one in their viBilnlity, and in their apparent 
situations with respect to the planet at the moments of theif 
entenng and quitting the shadow 

(538 ) Suppose S to be the sun, E tho earth in its orbit 
E r O K, J Jupiter, and a b tbe orbit of one of its satellites 
The cone of tho shadow, then, will have its i ertex at X, a 
pomt far beyond tho orbits of all the satellites, and the 
penumbn, owing to the great distance of the sun, and the 
consequent smallnesa of the angle (about 6 only) its disk 
subtends at Jupiter, will hardly extend, within the limits of 
the satellites orbits, to any perceptible distance beyond tbe 



shadow — ^for which reason it is not represented in the figure 
A satellite revolving from west to east (in the direction of 
tbe arrows) will be eclipsed when it enters the shadow at a, 
but not suddenly, because like tbe moon, it has a consider 
able diameter seen from the planet, so that tbe time elaps 
ing from the first perceptible loss of light to its total extinc 
tion will he that which it occupies m describing about 
Jupiter an angie equal to its apparent diameter as sees 
from the centre of the planet, or rather somewhat more, by 
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reason of the penumbra, and the same remark applies to its 
emergence at i Now, owing to the difference of telescopes 
and of eyes, it is not possible to assign the precise moment 
of incipient obscuration, or of total extinction at a, nor that 
of the first glimpse of light falling on the satellite at or 
the complete recovery of its light The observation of an 
eclipse, then, in which only the immersion, or only the 
eioeraion, is seen is incomplete, and inadequate to afford 
aay precise vnEormation, theoretical or practical But if 
both the immersion and emer&ion can be observed with the 
same telescope and by the same person the interval of the 
times will give the duration and their mean the exact 
middle of the eclipse when the satellite is in the line 
S J X, xe the true moment of its opposition to the sun 
Such observations, and such only are of use for de 
termining the periods and other particuhrs of the mo 
tions of the satellites and for affording data of any 
material use for the calculation of terrestrial longitudes 
The intervals of the eclipses it will be observed, give 
the synodxc periods of the satellites revolutions from 
■which their sidereal periods must be conclud-'d by the 
method in art 418 

(639 ) It 18 evident from a mere inspection of our figure, 
that the eclipses take place to the west of the planet when 
the earth is situated to the west of the line S J t e before 
the opposition of Jupiter and to the east when in the other 
half of its orbit or after the opposition When the earth 
approaches the opposition the visual line becomes more and 
more nearly coincident with the direction of the shadow, 
Aod the apparent place where the eclipses happen will be 
continually nearer and nearer to the body of the planet 
When the earth comes to F, a point determined by drawing 
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i F to touch the body of the planet, the emerstoM will cease 
to be visible, and will thenceforth, up to the time of the 
opposition, happen hehind the disk of the planet Simi* 
larly, from the opposition till the time when the earth 
arrives at I, a point determined by drawing a I tangent 
to the eastern limb of Jupiter, the tmm«rsioiw will be con 
coaled from our view When the earth arrives at G (or H)* 
the immersion (or emersion) will happen at the very edge of 
the ^ isiblo disk, and when between G and II (a very small 
space), the satellites will pass unschpsed htlimd ihe hmb of 
the planet 

(640 ) Both the satellites and their shadows are fre 
quently observed to trans%t or pass across the disk of the 
planet When a satellite cornea to m, tls shadow will be 
thrown on Jupiter, and will appear to move across it as a 
black spot till the satellite comes to n But the satellite 
itself will not appear to enter on the disk till it comes up to 
the line drawn from E to the eastern edge of the disk, and 
will not leave it till it attains a similar line drawn to the 
western edge It appears then that the shadow will precede 
the satellite in its progress over the disk hefore the opposi 
tiou of Jupiter, and vice versA In these transits of the 
satellites, which, with very powerful telescopes, may be 
observed with great precision, it frequently happens that 
the satellite itself la discernible an the disk as a bright spot 
if projected on a dark belt, but occasionally also as a dark 
spot of smaller dimensions than the shadow This cnnous 
fact (observed by Schrbter and Harding) has led to a con 
elusion that certain of the satellites have occasionally on 
Oteir own bodies^ or in their atmospheres, obsoar© spots of 
great extent We say of great extent, for the satellites 
of Jupiter, small as they appear to us, are really bodies 
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of considerable size, as the following comparative table 
will ehow — * 



Xirau apparent 
diameter 

Uean apparent 

fro n Jupiter a 
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39 9’ 
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18 
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0 0000385 
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1 2T3 1 

8 

45 

2399 

1 0 0090127 


From which it follows, that the first satellite appears, when 
on Jopiter s horizon, as large as our moon to us, the second 
and ibird nearly equal to each other, and of somewhat more 
than half the apparent diameter of the first, and the fourth 
about one quarter of that diameter So seen, they will fre 
quently, of course, eclipse one another, and cause eclipses 
of the sun (the latter visible, however only over a very 
small portion of the planet) and their motions and aspects 
with respect to each other must offer a perpetual vanety and 
singular aud pleasing interest to the inhabitants of their 
primary 

(541 ) Besides the eclipses and the transits of the satel 
lites across the disk, they may also disappear to us when not 
eclipsed, by passing behind the body of the planet Thus, 
when the earth is at E, the immersion of the satellite will bo 
seen at a, and its emersion at h, both to the west of the 
planet, after which the satellite, still continuing its coarse 
in the direction i, will pass behind the body, and again 
emerge on the opposite side, after an interval of occnltation 
greater or less according to the distance of the satellite 
This interval (on account of the great distance of the earth 
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compittyl irilli tljo rndU of tho orbits of tlio satellites) varice 
but little in the case of each satellite, being nearly equal to 
tho time which tho sntcllilo requires to tle^cnho an arc of its 
orbit, equal to tho angular diameter of Jupiter ns seen from 
its centre, which time, for tho several satellites, is ns fol- 
lows: » iz. lor tho first, 2* 20'; for the second, 2‘ for tho 
thinl, 5* *13", nnd for the fourth, 4' C6*; the corresponding* 
diameterH of the planet ns seen from the'ie respective satel- 
lites being, ID* 4D‘; 12* 25'; 7“ 47'; and 4“ 25’.* Before tbo 
opposition of Jupiter, these occullations of tho satellites 
hapjHjn ajirr tho eclipses: nftcr the oppo'^ition (when, for in- 
stance, the earth js in tho situation K), the occultations take 
jdaco before the cclipsi-s, Tt is to bo observed, that, owing 
to the proxinuty of the orbits of tho first and second satcl- 
litc<i to tho planet, loth tho immersion and emersion of either 
of them can never be ob’^erved in any single cchpae, tho im- 
mersion being concealed by tbo body, if tho planet be past 
its opposition, tho emersion if not >et arrived at it. So also 
of tho occnltation. Tho commencement of tho occultation, 
or the passage of tbo satclhto behind the disk, takes place 
svhilo ohacured by tho shadow, before opposition, and its 
re emergence after. All these particulars will bo easily ap- 
^fftrent on mere inspection of the figure (art. C36) It is only 
during the short time that the earth is in the arc G H, t.c. 
between the sun and Jupiter, that tho cone of the shadow 
converging (while that of the visual rays diverges) behind 
tho planet, permits their ocoultations to be completely ob- 
served both at ingress nnd egress, unobscured, the eclipses 
being then invisible. 


» Tliow tl*ia »ro laken upproairasielr from Mr TVoeillimiw’a T^per Id tb© 
Bupplcunenl to the Nauticiil Almaaeck for 183B. 
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(542) An extrcmelj singular relation subsists between 
the mean angular >elocitic3 or mean motions (as they are 
termed) of the three first satellites of Jupiter If the mean 
angular veloc ty of the first satellite be added to twice that 
of the third, the sum will equal three times that of the see 
ood From this relation it follows, that if from the mean 
‘longitude of the first, added to twice that of the third, be 
subducted three times that of the second the remainder will 
always bo the same, or constant, and observation informs us 
that this constant is 180°, or two right angles, so that the 
situations of any two of them being given that of the third 
may be found It has been attempted to account for this 
remarkable fact, on the theory of gravity by their mutual 
action, and Laplace has demonstrated, that if this relation 
were at any one epoch approximately true the mutual at 
tractions of the satellites would, in process of time, render 
it exactly so One cunons consequence is that these three 
satellites cannot be all eclipsed at once for, in consequence 
of the last mentioned relation, when the second and third lie 
in the same direction from the centre the first must ha on 
tbo opposite and therefore when at such a conjunction the 
first 13 eclipsed the other two must be between the sun and 
planet, throwing their shadows on the disk and vice versd 
(643 ) Although, however for the above mentioned rea 
son, the satellites cannot be all eclipsed at once yet it may 
happen, and occasionally does so that all are either eclipsed, 
occulted or projected on the body in which case they are, 
generally speaking, equally invisible since it requires an 
excellent telescope to discern a satellite on the body, except 
in pectf^rar crrnjacnrftrma?!? Zasiaaces ct oistym 

tion of Jupiter thus denuded of its usual attendance and 
offering the appearance of a solitary disk, though rare, have 



456 OUTLINES OF ASTROhOMY 

beea more than once recorded The first occasion in which 
this was noticed was by ilolyneus, on Norember 2 (old 
style), 1681 ‘ A sjnilar observation is recorded by Sir W. 
Herschel as made by him on May 23 1802 The phenome 
non has also been observed by Mr Wallis, on April 16, 1820 
(in which case the depnvation contmaed two whole hours), ^ 
and lastly by Mr H Gnesbach, on September 27, 1848 
(644 ) The discovery of Jupiter s satellites one of the 
first fruits of the invention of the telescope and of Galileo 8 
early and happy idea of directing its new found powers to 
the examination of the heavens, forms one of the most 
memorable epochs in the history of astronomy The first 
astronomical solution of the great problem of the longitude 
— practically the most important for the interests of man* 
kind which has ever been brought under the dominion of 
strict scientiflo principles dates immediately from their dis 
coverj The final and conclusive ratabhshment of the 
Copernican system of astronomy may also be considered 
as referable to the discovery and study of this exquisite 
numature system, in which the laws of the planetary mo* 
tiouB, as ascertained by Kepler, and especially that which 
connects their periods and distances were speedily traced, 
and found to be satisfactorily maintained And (ns if to 
accamulate histoncal interest on this ; omt) it is to the ob 
Bcrvation of their eclipses that we owe the grand discovery 
of the snccossi\c propagation of light and the detcnuinatioa 
of the enormous velocity of that wonderful element This 
we must explain now at large 

(645 ) The earth s orbit being concentric with that of 
Jupiter and interior to it (see Jig art. 686) their mutual 
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distance {g continnallj varying, tlio variation extending 
from tbo sum to the difference of the radii of the two orbits, 
and the diCercnce of the greater and least distances being 
equal to a diameter of the earth’s orbit Novs, it was ob 
served by Koemer (a Danish astronomer, in 1675), on com 
_ paring together observations of eclipses of the Batcllitea 
during many successive years, that the eclipses at and 
about the opposition of Jupiter (or its nearest point to the 
earth) took place too soon — sooner, that is, than, by calcula 
tion from an average, he expected them, whereas those 
which happened when the earth wag in the part of its orbit 
most remote from Jupiter were always too late Connecting 
the observed error in their computed times with the vana 
tion of distance, he concluded, that, to make the calculation 
on an average period correspond with fact, an allowance in 
respect of time behooved to be made proportional to the 
excess or defect of Jupiter’s distance from the earth above 
or below its average amount and such that a difference of 
distance of one diameter of the earth s orbit should corre 
spond to 16" 26* 6 of time allowed Speculating on the 
probable physical cause, he was naturally led to think of 
a gradual instead of an instantaneous propagation of light 
This explained every particular of the observed pbenom 
enou, but the velocity required (192 OOO miles per second) 
was 80 great as to startle many, and, at all events, to require 
confirmation This has been afforded since, and of the 
most unequivocal kind, by Bradley’s discovery of the aber 
ration of light (art 829) The velocity of light deduced 
from this last phenomenon differs by less than one eightieth 
of its amount from that calculated from the eclipses, and 
even this difference will no douht be destroyed by nicer 
and more ngoronsly reduced observations The velocity 
AernosouT — Vvl ixX — 20 
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has also been determined by M Fizeau (by direct expen* 
tnents with a reflecting apparatus on a most ingenious pnn* 
ciple, suggested by Mr Wheatstone for measonng the 
velocity of the efeotne current) at 70^000 geographical 
leagues, 25 to the degree = 1&4, 600 statute miles per 
second 

(640) The orbits of Jupiter’s satellites are but little 
excentnc, those of the two interior, indeed, have no per 
ceptible excentricity Their mutual action produces m 
them perturbations analogous to those of the planets about 
the sun, and -which have heen diligently investigated by 
Laplace and others By assiduous observation it has been 
ascertained that they are subject to marLed fluctuations in 
respect of bnghtness, and that these fluctuations happen 
periodically, according to their position with respect to the 
suu From this it has been concluded, apparently with 
reason, that they turn on their axes, like our moon, in 
periods equal to their respective sidereal revolutions about 
their primary 

(547 ) The satellites of Saturn have been much less 
studied than those of Jnpiter, being far more difficult to 
observe The most distant has its orbit materially inclined 
(no less than 12° 14)' to the plane of the nng, with which 
the orbits of all the rest nearly coincide Kor is this the 
only circumstance which separates it by a marked difference 
of character from the system of the seven inferior ones, and 
renders it in some sort an anomalous member of the Satur 
man system Its distance from the planet’s centre is no 
less than 64 times the radius of the globe of Saturn, a dis 
tance from the pnmary to which our own moon (at 60 radii) 
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offers the onlj parallel Its variation of light also m differ 
ent parts of its orbit is very much greater than in the case 
of any other secondary planet Dominic Cassini indeed (its 
first discoverer, A D 1671) found it to disappear for nearly 
half Its rcvolation whoa to the east of Saturn, and though 
the more powerful telescopes now m use enable us to follow 
It round the whole of its circuit, its diminution of light is 
BO great in the eastern half of its orbit as to render it some 
what difficnlt to perceive From this circnmslance (viz 
from the defalcation of light occurring constantly on the 
same side of Saturn os seen from the wrM, the visual ray 
from which is never very oblique to the direction in which 
the sun’s light falls on it) it is presumed, with much ccr 
tainty, that this satellite revolves on its axis in the exact 
time of rotation about the primary, as we know to be the 
case witli the moon, and as there is considerable ground for 
believing to bo so with all secondanes 

(648 ) The next satellite in order, proceeding inward (as 
It used to be considered until the recent discovery of an in 
termedinte one), was the first to bo detected * It is by far 
the largest and most conspicuous of all, and is probably not 
much inferior to Mercury m size It is the only one of the 
number whose theory and perturbations have been at all 
inquired into* further than to verify Kepler a law of the 
penodic times, which holds good, mutatis mutandis, and 
under the requisite reservations, in this, as in the system 
of Jupiter The next three satellites, still proceeding in 
ward,’* are very minute, and require pretty powerful tel 
escopes to see them, while the two interior satellites, which 


• Hujgl ens March’s 1695 

• By Bessel, Mtr Aachr Soa 193 314 

>* Biecetered by Oomi c Cass ni lu 1673 and 1634. 



460 OUTLINES OF ASTliONOlIY 

just skirt the edge of the ring,'* can only be seen with 
telescopes of extraordinary power and perfection, and under 
the most favorable atmospheric circumstancea. At the 
epoch of their discovery they were seen to thread, hko 
beads, the almost infinitely thin fibre of light to which 
the ring, then seen edgewise, was reduced, and for a short 
time to advance off it at either end, speedily to return, and 
hastening to their habitual concealment behind or on the 
body. An eighth very faint satellite has been recently de- 
tected (between the two ontcrniost of the c>7d satellites) simul- 
taneously (within the same hour) by Mr, Dawes, Mr, Lassell, 
and Professor Bond," the two former observing together in 
Mr. Lassell’s obser^'atory at Starfield, the latter in that of 
Cambridge, U S. 

(649.) Owing to the obliquity of the ring and of the orbits 
of the satellites to Saturn's ecliptic, there arc no eclipses, 


« PuHOvt^ivd by &r WJlUtn Iterechel In IT 60. - 

" On tbo night of tho IDlh ot Beptomber, 1848 OonsMornblo oo>n fusion asod 
alriMdp lo prevail, before tha ducorvry of this utolllto. In iho nonienditure of 
the MtutniikD syRtern, owing to tba otilor of diRcowrjr not cotncidini; with that 
of diatancc* Xatronomoni wettj oot agtwJ wivciwr {a <wo lactrhc 

■at«lUtM tho Clh And Ttb (reckoning Inward) and the older ooea tho lit, id, 
3d, 411) And Stb, reckoning outward, cr to oommeuco with the lonernioat and 
reckon outward, from 1 to T Thla confuaion, which the Introduction ot an 
eighth would have rendered lololeraldo, Laa b^n cbTlated bg a tojiliologirel 
ooiaencUture, aaggeated In a former edition ft this Wo/V, and whtr'i ha* 
p«herally accepted. In conaonaneo with Uiat at length eomplotelg eaubliahM for 
ihA primarg planela Taking Iho name* of tl 0 Titan Ian divlnlde*, the following 
Ycraoa (pardoning fatae ijuatiUtie*) aSonI an eaajr artiitclai memory 

lapetua euDCtoa aupra retat, hunocn aequuntur 
lljperton, Titan, Ithfa, 1*1004, Tillipa, 
pDonlaJor, Ulraaa— > 

It ta worth wnarVinp that fUroon Ifario*, who d rptiiod lha priority of tba 
diaeoTcry ot Jopiwr • aau’litea with (lahleo, prej'Ow,! for tlicm mytl.ologittal 
isuiMW, vU. f«, Puropt, (Jaaywedo and CalJjalo The mWraJ cf thews louuea 
woull aavor of a jurforeoco of Uartui'a eJa'as, whkh, rton If an al)«olaia 
wore rauxftrdrd JjrJiiab il J» aot,). would ailll Irwaw li.a.lilrwV 
rlain to Iho tt»e of Iho kWeope aa m Bwaaa of aatreof— itcal dM*<*c<vaty Icta-t 
But In U»e ea*e of Jupter’a aauailw* there e*!»u uo wfue,on bi rocilfy, Ttsy 
are euua'antlg raferreO to by U>e!r numerical dea'gaatlon* la evMy ahtacar 
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occultations, or tranBiis o{ these bcxljcs or their sUadowu 
Across the disk of their primary (the interior ones excepted), 
nntil near the time when the ring is seen edgevrtae, and 
when they do take place their observation is attended with 
too mnch difficulty to be of any practical use, like the 
eclipses of Jupiter a satellites for the determination of 
longitudes, for which reason they have been hitherto little 
attended to by astronomers 

(550 ) A remarkable relation subsists between the pen 
odic times of the two interior satellites of Saturn and thoso 
of the two next in order of distance, viz that the penod of 
the third (Tcthi8)is double that of the first (Mimas) and 
that ol the fourth (Dionc) double that of the second (Enoel 
ados) The coincidence is exact in cither case to about one 
800th part ol the larger period 

(o51 ) The satellites of Uranus require very powerful 
and perfect telescopes for their observation Four are cer 
tamly known to exist, to which (proceeding from without, 
inward in succession) the names Oberon Titaoia, Umbnel, 
and Ariel, of the fames, sylphs and gnomes of Shakespeare 
and Pope, have been assigned reapcctitely Of these Oberon 
and Titania are tolerably conspicuous in a reflecting telescope 
of 18 or 20 inches in apertpre They were discovered by Sir 
TV Ilerschel in 1787, and have since been reobserved by the 
author of this work, and subsequently by Messrs Lassell, 
Otto Struve, and Lament Umbnel (a much fainter object) 
was also very probably seen by Sir W Herschel, and de 
scribed by him as ' an intenor satellite but his observa 
tions of it were not sufficiently nnmerous and precise to 
place Its existence, at that time beyond question It was 
rediscovered, however, by M Otto Struve "and observed 


> October 8 1847 
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< Babseqaently, on numerons. occasions, by Mt. "Ijassell, to 
whom we also owe the first discovery of Ariel,” as well as 
a fine senes of observations aftd ‘ micrometrical measures 
of all four, obtained at his observatory nt Xiverpool and 
during his residence in Malta In 1852-63,^ which forms a 
remarkable epoch in the history of s astronomical observa- 
tion. Three .other satellites, one intermediate between 
'Oberon and Titania, the others exterior* to both, were sus- 
pected by'Sir ,W- Herschel, but their existence has not been 
confirmed. The periods and distances of the four known 
satellites will be found in the synoptic 'table at the end of 
the volume. ^ i 

(652.) The orbits of these satellites offer remarkable, and, 
indeed, quite unexpected and unexampled peculiantics. 
Contrary to the unbroken analogy of the whole planetaiy 
system — whether of primaries or secondaries— the plauc.sxif 
their orbits are nearly [ierpendicttlar to ‘the ecUpitCt being 
inclined no less than 78“ 68' to that plane, and in these 
orbits their motions are retrograde, that is to soy, tlieir 
positions, when projected on the ecliptic, instead of ad- 
vancing/rom tt’«£ to east round tho centre of their primary, 
ns is the case with every other planet and aitellite, more tn 
the opposite direction, Tlicir orbits tiro nearly or quite 
circular, and they do not appear to have any pensihTe, or, 
at least, any rapid motion of nodes, or to have undergone 
any material change of inclination, in tho course, nt le.-ist, 
of half a revolution of their primary round tlic sun. When 
the earth is m the plane of their orbit**, or nearly so, tbeir 
apparent paths are straight lines or very elongatwl elhp.«{w, 
in which case they become invisible, their feeble light being 
elTaced by the superior light of the planet, long liefoa* they 
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come up to Its disk, so that tlie observationi of anj eclipsca 
or occuUaiioDs ibejrmaj undergo is quitoout of the question 
with oar present telescopes 

(o«>3 ) If the observation of the satellites of Uranus be 
iliiTicult, those of Keptune, owing to the iihmense distance 
,of that planet, maj be readily imagined to oiler still grtater 
dilhcaUies Of the CTJfltcnco of two, discovered by ilr, 
Laasell,’* there can remain no donbt, having also been ob 
served by other astronomers, both in Europe and America 
According to M Otto Strove” the orbit of tho first is in 
dined to the ccliptfc at tbc considerable angle of 85°, but 
whether, as in the case of the satellites of Uranus, the direc 
tion of its motion he retrograde it is not possible to say 
until it shall have been longer observed 

On Julr t 1B47 (auspectedin 1S4G}, ftnd Au^st 14 1850 

'* Astron Kachr No from hla Own obaerration Sepiember I! to 
December 20, 1647 
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